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Summary 
 Knowledge is paid more attention in the manufacturing industries, where individuals are 
required to process knowledge efficiently and effectively. As tactic boundary objects, 
knowledge is difficult to be codified and the performance of which has significant influence on 
WKH FRPSDQLHV¶ RSHUDWLRQ7KHSXUSRVH RI WKLV VWXG\ LV WR HYDOXDWH WKH HIILFLHQW DQG HIIHFWLYH
knowledge process approaches, which make knowledge can be processed by transparent and 
visible formats. 
 This study assessed through a Chinese manufacturing company, Shanghai Cooltech Power 
CO., LTD, which provides essential and useful primary and secondary data for analyzing the 
efficiency and effectiveness of coding, transferring, interpretation and creating in knowledge 
processing, which evaluating the practical processes that can be implemented in companies. 
 The investigation evaluated, using a qualitative research, different factors likely to affect 
the performance of knowledge processing: organizational structure, collaboration of human and 
material agencies, performance of boundary objects and the roles of gatekeepers. Through 
observations, interviews and document reviews, the knowledge is processed by the keeping 
developing with the living and socialized documents. Meanwhile, the types of organizational 
structure influences the transferring channels, which results to the performance of knowledge 
sharing. In addition, interactions of human and material agencies refer to the knowledge 
interpretation. Furthermore, the performance of boundary objects has significant impacts on 
knowledge coding and transforming, which are improved through negotiations and 
communications. Additionally, the roles of gatekeepers also affect the development of 
knowledge with regards to controlling and deploying knowledge. Therefore, with the influences 
of each factor, knowledge is developed continuously and consistently through a systematic 
model. 
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1. Introduction 
In the highly development of companies, especially in manufacturing industries, 
knowledge becomes inevitably important for not only managers, but also workers.  With 
the widely information and knowledge spread, there are increasing amount of information 
being received by people.  According to interpretation and representation, information is 
absorbed, and knowledge emergHVDVµWUXWKVEHOLHIVNQRZ-KRZDQGPHWKRGRORJLHV¶ (Wiig, 
1993). There is no doubt that knowledge is the information and skill accessed from 
experience or education, and it is the significant commercial resource (Quintas, et al., 
1997). In order to implement and make full uses of knowledge, it is essential for evaluating 
the degree to whether the knowledge is codified or uncodified and which forms of 
knowledge refer to the state of the environment or the capability of knowledge 
(Edmondson, et al., 2003; Garud, 1997). Quite often, the codified knowledge is represented 
as formal symbolic reports, which can be easily accessed and interpreted (Edmondson, et 
al., 2003).  Whereas, the uncodified knowledge, which tends to be more difficult in 
articulate, is accessed from experience through human actions or in specific environments 
(Edmondson, et al., 2003). Therefore, the codified knowledge is static while the uncodified 
knowledge is dynamic depending on the changing behaviors.  
It is essential for observing the characteristic of knowledge since codified and tacit 
knowledge perform various formats and methods for sharing, especially tacit knowledge, 
which is significantly social related (Edmondson, et al., 2003). Since knowledge varies 
from people with different background, like culture, language or education, communicating 
and sharing knowledge become essential but difficult in organizational operations, which 
make knowledge socialized. Due to this nature, knowledge can widely exist among 
communities. It is important when knowledge is required to transferred through documents, 
interpreted by knowledge users and transformed for individually uses. 
Therefore, there are many researchers paying attention to the knowledge 
communication. It is significant that oral communication promotes the direct channel for 
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knowledge sharing, which is effective. This kind of communication through common 
spoken language and sometime face-to-face directions enhance the quick responds and 
accurate of information transferred between senders and receivers. However, oral 
communication requires senders and receivers sitting together and talking in the same time, 
which is inefficient. Otherwise, documents can record all the required knowledge and 
spread by the demands of different people. The communication through them need not 
match the suitable time, but share any time once finished. Therefore, documents play an 
important role in processing and transferring knowledge in manufacturing industry (Brown 
& Duguid, 1996).  
7KHGRFXPHQWVWUHDWLQJDVµREMHFWV¶(Whyte & Boris, 2009; Lee, 2007; Barley, et al., 
2012), contain drawings, material list, order requests, contracts and so on. These objects 
perform as the medium that support the cooperation in communities (Subrahmanian, et al., 
2003).  Bechky (2003) indicates that the objects are established depend on the working 
contexts, environments and culture and the contents from these objects are allowed to 
spread to other boundaries. Due to their characteristic of socialization, the objects become 
alive to transfer rather than ending up being filed away or ignored (Donaldson, 2007). 
7KHUHIRUHWKHWHUPRIµWKHVRFLDOOLIHRIGRFXPHQWV¶UHIHUVWRWKHREMHFWs, which encourage 
the efficient and effective knowledge to transfer around boundaries (Carlile, 2004; 
Donaldson, 2007). Therefore, the knowledge transferring procedure is notable and 
transparent with the help of documents.  
,Q DGGLWLRQ µKXPDQ DJHQFLHV¶ DQG µPDWHULDO DJHQFLHV¶ DUH LQWURGXFHG WR H[SODLQ WKH
interrelationship between technologies and routines of company operations (Leonardi & 
Barley, 2008) +XPDQ DJHQF\ LV µWKH DELOLW\ WR IRUP DQG UHDOL]H RQHV¶ JRDOV¶ /HRQDUGL
,WVXJJHVWVWKDWSHRSOH¶VZRUNLVGHWHUPLQHGE\WKHLURSWLRQVOLNHWKHLUWDUJHWV
)XUWKHUPRUHPDWHULDODJHQF\LQGLFDWHVWKDWSHRSOH¶VZRUNLVDFFRPSOLVKHGE\WHFKQRORJLHV
or other material assistants without human intervention (Leonardi, 2011). Technologies, 
which inscribe knowledge, like productivity tools, simulation software and ERP, exist 
among employees in the knowledge-intensive companies (Leonardi, 2011). It seems that 
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combining human and material agencies promotes the efficient and effective performance, 
because the technologies, especially information technologies, reduce the redundant works 
and save time in producing artifacts. In other words, the current technology increases the 
ability of human performance. When knowledge in documents is translated, it is important 
to evaluate the relationship between human and material agencies since each change of 
them results to the revolutions of the whole situation and possibly, the translate methods 
have significantly improved based on the modification of routines or technologies. 
Knowledge is transformed as individually interpretation based on specific experience. 
There is no doubt that people in particular functions hold different knowledge. When 
communicating, it is common that they have different understandings of one object from 
one context to the others (Carlile, 2004). Therefore, there are increasing attentions in 
building the effective and efficient relationship between knowledge and boundaries and it 
is important to produce the unique knowledge and label them by functions. Without 
understand the objects accurately, the objects become meaninglessly produced. In addition, 
when the objects are produced supporting collaboration in communities with different 
NQRZOHGJH WKHVH REMHFWV DUH WUHDWHG DV µERXQGDU\ REMHFWV¶ (Barley, et al., 2012). They 
provide an opportunity for people to access objects for a particular set of meanings. 
Furthermore, it also allowed communities to find solutions for standardization in 
cross-boundary in terms of coding, interpreting and creating knowledge (Barley, et al., 
2012). Therefore, in the social communities, the issues that how to process the knowledge 
are the difficulties to evaluate the balance point through communication so that people can 
practice the knowledge of their owns.  
  Many researchers have evaluated the initial issues in knowledge process with regards 
to the communication channels (Donaldson, 2007), transferring methods (Lee, 2007), 
interpretation (Carlile, 2004) and adoption (Bechky, 2011; Carlile, 2004). They explain the 
potential issues of knowledge process in boundaries. Every people in communities is 
required to pursue the knowledge process; however, people in the same boundary are not 
asked to get involved and to negotiate the same objects since it is cost effective to keep 
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repeating doing the same things. Rather, one or two people perform as bridges linking from 
the external environment to the internal environment. These people respond to scan the 
knowledge transferred from other boundaries and to attempt to deliver particular 
NQRZOHGJH WR SDUWLFXODU FROOHDJXHV7KHVH SHRSOH DUH FDOOHG µJDWHNHHSHUV¶ (Allen, 1969). 
They are the keys to communication among communities, controlling the knowledge with 
regards to the amounts, contents and formats and so on. Additionally, Leonardi and Barley 
DOVRPHQWLRQWKHHPHUJHQFHRIµSHUIRUPDQFHHQJLQHHUV¶LQWKHPLG-1990s promotes 
the effective communication between design engineers and assemblers in manufacturing 
industries. This indicates that there are increasing recognitions for covering the 
FRPPXQLFDWLRQ JDS DQG µJDWHNHHSHUV µLV RQH RI WKH VWUDWegies that companies use 
commonly. 
It is obvious that many researchers focus on evaluating the functions of knowledge in 
detail. However, it is important for evaluating the importance of each factor in processing 
knowledge, since the efficiency and effectiveness of knowledge process has significant 
LQIOXHQFH LQ FRPSDQLHV¶ RSHUDWLRQV WRZDUG NQRZOHGJH YLD GRFXPHQWV )XUWKHUPRUH WKH
theories of knowledge management emphases on the integrating and analyzing the codified 
and static knowledge, but fail to make full use in collaborating tactic knowledge. People 
find it difficult to manage knowledge effectively, especially in sharing and adapting 
knowledge. Furthermore, with the development of information technology, the computer 
support cooperative work (CSCW) confuses workers who access computers less frequently 
in companies (Lee, 2007). Therefore, the systematic knowledge process is current missing 
and must be analyzed from not only theoretical support, but also practical experience to 
provide guides to companies to evaluate their performance to knowledge. 
  Consequently, the aim of this paper is to evaluate the efficient and effective 
knowledge-processing model with the context of socialized and live documents, by 
analyzing the performance of the influences for companies in transferring, translating and 
transforming knowledge. In this case, the roles of documents as socialized and live 
boundary objects are explored firstly since they are the basic concept of processing 
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knowledge. When transferring knowledge cross boundaries, the organizational structures 
impact the method of transferring knowledge. Therefore, the influences of organization 
structure are evaluated in terms of transferring knowledge. In addition, when knowledge is 
translated internally, the impacts of human and material agencies should be taken into 
consideration to evaluate how routine and technology influence on the performance of 
translation actions. In order to solve the difficulties of misunderstanding and 
misinterpretation in cross-ERXQGDULHV WKH FRQFHSW RI µERXQGDU\ REMHFWV¶ LV RXWOLQHG WR
indicate the source of multi meanings and the role of boundary objects, which may be 
XVHIXO LQ FUHDWLQJ NQRZOHGJH IRU LQGYLGXDOO\ XVHV )LQDOO\ WKH WHUP µJDWHNHHSHUV¶ LV
introduced to evaluate the roles in managing knowledge and keys to forming the cycling 
knowledge process. In order to support these theories and establish an efficient and 
effective knowledge process model, the specific case is implemented in China. Through 
qualitative research in the company, data from observations, document reviews and 
interviews are accessed for deeper evaluations, which are significant helpful for 
contributing this paper. 
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2. Literature Review 
2.1 Socialized and alive documents 
There is no doubt WKDWGRFXPHQWVSOD\DVLJQLILFDQWUROHLQWKHFRPSDQLHV¶RSHUDWLRQV
Documents are the containers that integrating knowledge from practical experience and 
summarizing the primary data to secondary knowledge (Bryman & Bell, 2011). They are 
carrying knowledge, and transferring them to other communities, which result to the 
knowledge sharing. Furthermore, documents are expressing knowledge, and making 
receivers in other communities be able to understand the meanings (Brown & Duguid, 
1996). As material artifacts, documents are equipped the following characteristics: (1) 
Documents act as narratives presenting and describing the facts and knowledge in one 
process (Donaldson, 2007). They look like one chapter of a story, allowing people who 
might need them to read, interpret, and implement. (2) Knowledge in documents is coded 
by a simple language (quite often with pictures) for communication (Carlile, 2004), which 
aim to be understood easily. (3) Documents are the directions of knowledge processing. 
Since the documents are provided to other boundaries with the knowledge they may need, 
the knowledge process tends to be directive. That means the transferred knowledge is 
developed purposefully, which have a direct influence on the interpretation and 
performance of operation in interdisciplinary work. Nowadays, companies are equipped 
with information technologies, and documents gradually shift from paper work to 
electronic files, which can be transferred and shared through the Internet (Brown & Duguid, 
1996). Therefore, the roles of documents are not only narrating knowledge simply and 
directive, but also transferring knowledge with the help of information technology. The 
WHUP µREMHFWV¶ DSSO\LQJ WR GHVFULEH WKH GRFXPHQWV OLNH GUDZLQJV FRQWUDFWV PDWHULDO OLVW
and so on, perform as transmitters that transferring knowledge from one boundary to others. 
It aims to make the knowledge efficient and effectively implemented in organizations 
(Barley, et al., 2012). Meanwhile, knowledge is the inevitable element in documents. As 
the core content, knowledge performs as an abstract object that not only can be adopted 
among boundaries, but also can be put into practice through experience (Whyte & Boris, 
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2009). Therefore, written or verbal presentation of knowledge holds a single meaning in 
the document, which can be transferred materially to which they refer (Bechky, 2003).  
There are many researchers indicating that the documents are social constructed 
(Leonardi & Treem, 2009). Companies are composed by people and departments, so the 
social interactions, like communications, negotiations, discussions, meetings or even 
informal talking, are inevitable. Therefore, companies can be treated as the social 
FRPPXQLWLHV )XUWKHUPRUH VLQFH FRPSDQLHV¶ RSHUDWLRQV YDU\ IURP ERXQGDULHV ZLWK
different styles of organizational life (Bechky, 2011), documents are produced as a result of 
communication and negotiation. Additionally, documents are allowed to scan the 
community boundaries and to integrate knowledge from theoretical supports and practical 
experience so that the documents become reasonable (Brown & Duguid, 1996)In addition, 
in the social contexts, documents carrying knowledge are required to travel around the 
communities through interaction (Donaldson, 2007), aiming to be understood among 
boundaries. Therefore, the contents of knowledge in documents are targeted and explained 
with a certain purposes. With particular purposes, the documents with knowledge have 
specific targeted groups. Focusing on specific requirement from these groups, the 
documents can be established in various contents. In other words, the knowledge is built 
with a particular social context (Bechky, 2003). The documents, like drawings, contracts, 
are not structured for common use; instead, their contents vary from social communities or 
even people, and the contents are structured in individual use (Brown & Duguid, 1996). 
Due to this, knowledge in documents is easier to be accepted by other boundaries than 
without it. In addition, the producing documents process has influence by culture in 
industrial aspects and organizational culture. People in communities have strong 
subcultural interpretation of their work, and it is hard to adopt other external knowledge 
(Bechky, 2003). In the manufacturing industry, the culture determining the format of 
documents should be as simple as possible so that the final knowledge receivers, 
blue-collar workers can understand. Because there are much more employees in the 
manufacturing companies than other industries, the organizational culture tends to be 
bureaucracy (Bechky, 2011), so that the control of knowledge is too strict to transfer 
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documents. As a result, the targets of documents can be more specific. That is to say, the 
documents as boundary objects are socialized produced. 
Donaldson (2007) indicates that documents are not only socialized, but also alive. 
Firstly, documents are the results of communication. As boundary objects, documents 
gather required knowledge from different groups through negotiation and coordination 
(Brown & Duguid, 1996). They are produced to transfer knowledge formally and evidential. 
Rather than ending up with files, throwing into bins or ignoring, the live documents should 
be able to exist and apply among boundaries (Donaldson, 2007). They respond to 
collaborating among individuals with different knowledge, which is essential for building 
knowledge in cross-boundary (Barley, et al., 2012). The transferring process makes 
documents be living and sensible during sharing knowledge. Secondly, documents are 
interpretable. The documents are useless, if the knowledge in them fail to be understood 
when entering other boundaries (Bechky, 2003). Therefore, the live documents allow 
people to explain or understand the content based on their understandings and experience. 
That means that the documents as boundary objects are flexible, and can adjust to the 
various situations in different boundaries (Carlile, 2004). Adding with personal experience 
in various boundaries, the adopted knowledge from documents transforms into their unique 
knowledge, which can survive in their boundaries. In addition, documents in one project 
have a common theme. Through a process of transformation among various boundaries, the 
basic concept of knowledge from documents consists but translates as various expressions 
to meet the demand of boundaries (Lee, 2007). Otherwise, it is easy to misguide other 
boundaries if the knowledge expressed is incompatible or not corresponding. Therefore, 
documents can be alive when the knowledge is consistent in the whole process 
However, there are many researchers arguing the efficiency of the documents as 
socialized and alive objects. Although Brown and Duguid (1996) indicate that the main 
role of documents is patrolling and controlling the operations in terms of transferring and 
translating and Donaldson (2007) suggest the importance of document flow and 
consistently survive for creating new knowledge, there are alternative objects that can have 
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the same responsibilities, like ERP (Enterprise Resource Plan), ftp site and so on. With the 
development of information technologies, these electronic objects perform effectively and 
efficiently in terms of improving transferring channels (Brown & Duguid, 1996). However, 
the documents as material artifacts focus more on the visible acknowledgement, which can 
be more perceptual and substantial (Leonardi & Treem, 2009). In this case, the documents 
tend to perform as not only the guidance for necessary knowledge and ignorance of 
unnecessary knowledge (Leonardi & Treem, 2009). 
2.2 Knowledge processing in the organizational context 
Since documents as boundaries objects are constructed socially and knowledge is 
presented in the documents according to the understanding of employees, there is no doubt 
that the organizational culture (social communities) has an impact on the organizational 
knowledge process (Walczak, 2003). First of all, DQ RUJDQL]DWLRQ¶V FXOWXUH UHSUHVHQWV
shared perceptions of working experience. This experience comes from the invention, 
GLVFRYHU\DQGGHYHORSPHQW LQ WKHJURXSVZKLFK LQIOXHQFHSHRSOH¶VDFWLRQ WKLQNLQJDQG
feeling (Robey & Azevedo, 1994). Therefore, people in the same organization culture 
operate their knowledge processes based on the similar goals and targets (Robey & 
Azevedo, 1994). Secondly, many researchers insist that the organizational culture provides 
an opportunity to establish clear and systematic visions and targets toward projects and 
operations (Robey & Azevedo, 1994), promotes the abilities of companies to manage 
knowledge efficiently and effectively (Kim & Lee, 2004; Davenport & Klahr, 1998). It is 
often referred to the specific goals and values of companies, promoting the efficient and 
effective communication, especially in sharing knowledge with more intended and 
subjective approaches. Thirdly, the organizational culture has significant influences on the 
effectiveness of communication channels. Since the company culture provides the standard 
and common concept for the daily operation, the subcultures for knowledge sharing are 
established through plenty of communications or cultural education (Robey & Azevedo, 
1994). A positive culture can break the interventions in the channels and reduce the noise 
to increase the performance of channels. This concept encourages the collaboration among 
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employees to cooperate knowledge with an appropriate approach, like informal and formal 
communication in knowledge-related activities (Kim & Lee, 2004). In addition, an 
organizational culture plays an important role in uniting and deciding the format and 
method of coding as well as transmitting when documents are produced for sharing. 
Especially in manufacturing industry where knowledge is developed by practice-based 
experience, both formats and contents are represented as simple as possible so as to meet 
the standard for knowledge procesing. Therefore, organizational culture offers a 
psychological regulation for employees to evaluate the degrees of knowledge processing in 
terms of producing, interpreting and transforming. However, organizational culture is 
tangible concept representing the purpose of companies. It attempts to regular and guide 
the employees from psychological aspects. As a result, it may be useless due to its 
characteristic of unenforcement. People have no responsibilities to follow the culture; even 
they can challenge it through their experience. As a result, to what extent the culture has no 
too much impact on the knowledge processing, since it is unstable and unreliable for 
practical operations. 
In addition, within organizational culture, the knowledge culture may be developed 
because of the new roles of employees who begin to sharing, dissemination and utilization 
of knowledge (Walczak, 2003). According to Walczak (2003), the knowledge culture is 
established based on the knowledge processing for problem-solving and knowledge 
development. There are four types of knowledge process in the culture. Firstly, 
socialization performs as the process of sharing tacit knowledge to receivers who are 
waiting for it. Quite often, it may occur informally, such as in casual talking, or formally in 
meetings or seminars. Secondly, externalization is the process that explaining tacit 
knowledge in a specific format for particular uses, which is the procedure of explanation 
for senders. Thirdly, internalization is the process that based on the consequence of 
externalization knowledge is accessed and learnt by individuals. That is to say, 
internalization encourages the interpretation and transformation of individuals. Finally, 
combination refers to the creation that critically gathers the tacit knowledge with new 
understanding of knowledge, which indicates a new format for processing knowledge. 
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Therefore, the knowledge culture promotes managerial methodology for practical uses, 
which is far more important than organizational structure in terms of knowledge 
processing. 
The organizational structure, as one element of organizational culture, is highlighted 
to analysis the influence on knowledge sharing (Kim & Lee, 2004). There is no doubt that 
knowledge in documents through communication channels travels from communities, and 
WKHVHFRPPXQLWLHVDUHFDOOHGµERXQGDULHV¶ (Walczak, 2003). People may find it difficult to 
send their knowledge to other boundaries because the barriers between communities exist 
and are difficult to be dismissed. It is obvious that the numbers of barriers between 
communities vary from the types of the organizational structure. Therefore, it is important 
to analyze the characteristics of the organizational structure so that knowledge can be 
transfer efficiently and effectively.  
The traditional hierarchical organizational structure classifies as tall and flat structures.  
,Q WKH KLHUDUFK\ RUJDQL]DWLRQDO VWUXFWXUH YHUWLFDO NQRZOHGJH LV VKDUHG WKURXJK µW\SLFDO
chain-of- FRPPDQG¶ (Walczak, 2003:332). It indicates a strict communication channels, 
which allows knowledge to be transferred in the specific path and only to be acquired. 
Therefore, the documents should be rigid from top to bottom or from bottom to top, so that 
the knowledge would not be intervened by the noises in channels; otherwise, if the 
documents are transferred many times, the knowledge maybe different because the various 
understanding in boundaries. However, knowledge process is so limited because the 
communications among boundaries and people in the different hierarchy levels are difficult 
and time consuming (Kim & Lee, 2004) In contrast, flat organization structure allows 
knowledge to be shared and collaborated flexibly cross boundaries because this kind of 
organization structure decrease the procedures of transferring knowledge, but quickly point 
to the boundaries who need documents (Kim & Lee, 2004; Walczak, 2003). In this 
structure, the documents transfer point to point flexibly and intentionally, which is more 
suitable for sharing personalized knowledge. With the increasing importance of knowledge, 
the documents carrying knowledge transfer requires quicker and more accurate response. 
Knowledge Processing in Manufacturing Industries: The Evaluation of Documents as Boundary Objects in Implementing Knowledge 
12 
 
The knowledge management structure is formed by several knowledge teams rather than 
functional boundaries. This structure allows members from different organizational 
background process the knowledge in particular projects (Walczak, 2003). Therefore, each 
team responds to a knowledge cluster, so members in each team have little connections and 
communications with other team who work other project. It is beneficial for team members 
to access required knowledge conveniently and integrate knowledge with a systematic 
organizational structure. Rather than responding to functional departments, employees can 
access more required knowledge and direct communication in the knowledge team 
(Walczak, 2003). In addition, this structure reduces the possibility of misunderstanding and 
ineffective transferring knowledge. Furthermore, the documents show the process of 
knowledge, resulting the efficiency and effectiveness of gathering and collaborating 
knowledge in the same team. There is no doubt that this structure emphasizes more on 
knowledge-oriented projects.  
Therefore, it seems that the positive organization culture can encourage the knowledge 
transferring with the specific direction and clear channels; however, since it cannot be 
pushed like laws, policy that is enforceable, the knowledge process under culture is vague 
and unclear. In addition, the organizational structure has impacts on the procedure of 
transferring knowledge, deciding the characteristics of knowledge (ridge or flexible). There 
is no doubt that the tall and flat organizational structures is established based on the 
division of functions, which may be not suitable for efficient and effective knowledge 
sharing cross boundaries. Therefore, the knowledge management structure enhances the 
integration of knowledge by gathering the knowledge in the knowledge team. That 
completes the whole process of knowledge collaboration, which is essential for companies 
who have various projects. 
2.3 Knowledge transferring and translating in the flexible routine and flexible technology 
There is no denying that people encourage regulations and communication processes 
to form their relationship with technologies (Leonardi, 2011). The behavior contains 
µPRWLYDWLRQ UDWLRQDOL]DWLRQ DQG UHIOH[LYH PRQLWRULQJ¶ (Giddens, 1984, p. 6), and all of 
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WKHVHPHQWDOEHKDYLRUVDUHIURPKXPDQ¶VLQWHQWLRQ7KHUHIRUHWKHFRQVHTXHQFHRIDSSO\LQJ
KXPDQ¶V LQWHQWLRQV LQ WHFKQRlogies is that technologies become intelligently intensive so 
that they can be efficiently and effectively useful in the knowledge processing. Agencies 
UHIHUWRWKHFDSDELOLWLHVIRUDFWLRQVDQGDLPWRPDNHµGLIIHUHQFH¶ (Giddens, 1984), and it is 
suitable to apply this to describe the human and the technological ability in processing 
knowledge. That is the human agencies are the ability of human that can form and fulfill 
RQH¶VJRDOV, and material agencies are the ability of technologies that can perform on their 
own (Leonardi, 2011). Many researchers believe that the relationship between human and 
material agencies is unidirectional, since people implement technologies for their daily 
work in order to fulfill their goals (Leonardi, 2011). Therefore, the tactics and methods of 
operations are evaluated for achieving goals and technologies as material assistances, 
promotes the effectiveness and efficiency of fixing human agencies by impacting social 
systems when incorporated in structuration processes (Rose, et al., 2003). At the same time, 
in order to fulfill the specific targets, new technologies are introduced or current 
technologies are improved for the development of human agencies. Technology is created 
and improved by human actions, and implemented to accomplish specific targets; therefore, 
LWFDQEHWUHDWHGDVµLQWHUSUHWLYHO\IOH[LEOH¶ (Rose, et al., 2003). That is to say, either human 
agencies or material agencies are the constraint of each other (Leonardi, 2011). Researchers 
argue that the relationship between the technical and social aspects of company (material 
DQG KXPDQ DJHQFLHV RSHUDWLRQV PD\ EH KLJKOLJKWHG ZKLFK LV µWKH SUREOHP RI DJHQF\¶
(Rose, et al., 2003). 
In the current years, technological determination is studied by many researchers, 
which indicates that introducing technologies is essential for the daily operation companies 
(Leonardi & Barley, 2008), especially in transferring knowledge. Since many researchers 
and employers believe that knowledge management technologies by using computers 
provide an opportunity for employees to access various and necessary knowledge, which 
encourage the effective and efficient behavior (Leonardi & Treem, 2009). Some 
researchers insist that the daily operations cannot be successfully implemented without the 
helps of knowledge management technologies (Rose, et al., 2003). In addition, with the 
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development of information technologies, the speed of knowledge sharing increases 
dramatically (Leonardi & Treem, 2009). That is because the knowledge sharing with 
computer or the Internet reduces the time of transferring between senders and receivers; 
rather, people almost can get their required knowledge as soon as possible if it is available. 
7KHUHIRUH WKHUH LVQRGHQ\LQJ WKDW WHFKQRORJ\SOD\VDQ LPSRUWDQWUROH LQ WKHFRPSDQLHV¶
operations.  
The organizational routines, which are the constructed by social communities 
(Pentland & Rueter, 1994) ZLWK SHRSOH¶V JRDOV DOORZ to be changed in the works. The 
changes sometimes happen when it is technological changes or introducing new knowledge. 
Technology performs as the medium of human activities, conditioning the performance of 
socialized activities. If people meeting the new technologies or unclear knowledge that may 
be out of the knowledge area they have, they may change the ways of operations to adopt 
these changes (Giddens, 1984). For example, in manufacturing industries, when workers 
are asked to assemble a new and unclear product, they may not assemble as they usually do 
for standardized products (constrained by current technologies); instead, they may seek 
help from the designers or introduce new skillful workers to finish this work (change the 
routines). As a matter of fact, meeting the difficulties of new technologies or knowledge 
that cannot be interpreted or transformed by current technologies are common issues in 
manufacturing industry. Therefore, changing routines make the operations available and 
more suitable for the new situation. In knowledge aspects, when changing the routines to 
overcome the constraints of technologies, the knowledge transferring method is modified 
based on the changes of routines in terms of formats and channels. For instance, when 
knowledge is familiar and well understood, there is no doubt that knowledge from other 
boundaries is sent to the frontline workers directly rather than managers or monitors in the 
workshop, which reduce the numbers of transferred channels and the possibilities of 
misinterpretations and misunderstandings. As a result, when the new knowledge is 
absorbed by receivers, it may be stored and filed as new documents with a new kind of 
knowledge that is more suitable for the current technologies (Bechky, 1999). Once the 
technologies with knowledge change, not only the work practices are changed, but also the 
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work roles are changed (Leonardi & Barley, 2008). However, it is argued that technologies, 
especially information technologies, change frequently, resulting to the changes of routine 
for adjusting the current technologies. However, it is required to keep accommodating in 
order to meet the requirements of changing technologies, which is not stable and suitable 
for the future and further development. In addition, the new knowledge, like document 
contents and working patterns requires a large amount of time to adopt and be mature for 
the particular technology limitation. It is possible that knowledge is out of date very 
quickly with the highly development of technologies and the routines are out of use when 
the knowledge is ready for widely implementing. Therefore, changing routines as a way of 
solving the constraints of technologies is a short-term solution. 
At the same time, technologies, as the infrastructure of material agencies, can be 
changed according to the requirement of routines (the infrastructure of human agencies) 
(Leonardi & Barley, 2008) 7KH WHFKQRORJLHV DOZD\V UHIHUV WR µV\VWHPV RI WHFKQLTXHV¶ 
(Woodward, 1958: 16), make works done in the organization (Leonardi, 2011; Perrow, 
1967). Identifiable artifacts, such as email, ERP and AutoCAD, are the useful technologies 
that are frequently used in the companies (Leonardi & Barley, 2008), which contribute to 
the social connection among employees in terms of knowledge sharing (Rose, et al., 2003). 
Due to the interdependent relationship between routines and technologies, not only 
routines are influenced by technologies, but also technologies are impacted by routines 
(Leonardi, 2011). When the routines with particular goals are equipped with specific 
technologies, like introducing new software or hardware for adjusting the changes of daily 
activities, the new knowledge for these technologies may emerge (Leonardi & Barley, 
2008). It is obvious that in order to improve the performances of social actions for specific 
new goals, technologies are required to improved to meet the changes of routines. For 
example, when the current material artifacts, like the contents of documents, the 
communication channels or the workshop abilities, are constrained by the particular goals, 
people may struggle with upgrading their current material abilities to meet their demands. 
In knowledge sharing aspect, the abilities of materials, like the performances of 
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communication and storage of knowledge, have significant improvements in knowledge 
processing when the human abilities are required to be modified. The roles refer to the 
social relationships among employees, social network for transferring knowledge and the 
organizational structures. That means that when the technologies change for particular 
JRDOVRUWKHURXWLQHVFKDQJHEHFDXVHRIWKHWHFKQRORJLHV¶OLPLWDWLRn or FKDQJHVRIKXPDQ¶V
targets, the knowledge transferring has influences on the social life of documents with 
regards to the documents socially constructed and the organizational structure in terms of 
the transferring channels. 
Since many researchers believe that there is interdependent relationship between 
human and technological agencies, imbrication indicates the characteristics of interweaving 
human and material agencies, which suggests that functions in them can perform 
interdependently and manageably (Taylor, 2001; Ciborra, 2006). That contributes to the 
changes between human and material agencies, like changing the routines or alters 
technologies (Leonardi, 2011). Since the routines and technologies are the basic 
characteristics of human and material agencies, the imbrications become important when 
meeting the constraints either routines or technologies in terms of producing new 
technologies or routine. That means when human and material agencies linking together 
they can perform well in producing outcomes (Leonardi, 2011). Furthermore, the new 
routines or technologies are established based on the prior routines or technologies because 
of the constraints from either of them thus the prior routines and technologies become 
references, which are treated as innovation supports. In this case, the imbrications 
contribute to the transparent innovation structure when meeting changes in either human or 
material agencies (Taylor, 2001). However, human and material agencies are not simply 
overlapping in imbrications; instead, this method enhances the strong points but to get rid 
of the weakness, which provides an opportunity for boundaries to more suitable routines or 
technologies (Ciborra, 2006).  
Therefore, it is essential to explain the exact relationship between human and material 
DJHQFLHV ZLWK WKH WKHRU\ RI µDIIRUGDQFH¶ (Leonardi, 2011). It focuses on establishing the 
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differences consequences of imbrications. Many researchers argue that the results of 
imbrications between human and material agencies are ambiguous because of various 
possibilities (Leonardi, 2011; Rose, et al., 2003). Thus, the affordance provides significant 
clues for the implementation of material artifacts, which allows to signal what material can 
do for achieving targets and how to do with it (Leonardi, 2011). Furthermore, since 
knowledge varies from knowledge backgrounds and methods for changing technologies or 
social actions, affordances produced as the results of imbrications tend to be relational and 
professional existing between people and technology, which offer unique and typical 
knowledge by human and material artifacts. This theory provides similar concepts with the 
development of boundary objects, which will be discussed later. 
Furthermore, the organization structure decides the various performance methods 
from departments in communication channels as well as methods of interpretation, which 
increase the difficulties in implementing the same routines or technologies. Therefore, 
when documents with knowledge transfer cross-boundaries, to what extent the routines or 
technologies may be accommodated based on the various knowledge background and 
different methods of interpretation of knowledge. Therefore, the documents can be sent 
successfully through communication channels. As a result, based on the rigid organization 
structure, both routines and technologies are flexible so that people can change according 
to their requirements (Leonardi, 2011).  
2.4 Knowledge as boundary objects for translating and transforming performance 
The alive and social documents require the transferrable and sharable knowledge. 
However, the living knowledge in practice, quite often, is difficult to be uncodified, 
because it is influenced by the interdependent affordances between human and material 
agencies, especially the imbrications between routines and technologies (Carlile, 2002). 
That means the various changes in either routines or technologies prevent people in 
different boundaries from understanding and interpreting knowledge by similar ways 
(Whyte & Boris, 2009). Therefore, boundary objects are introduced to describe the objects, 
such as sketches, tables, drawings and so on, perform as assistants in collaborating and 
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integrating different knowledge among individuals (Barley, et al., 2012), and coordinate 
the ideas from various boundaries in practice (Lee, 2007), and can be adopted and accepted 
by people with different knowledge background. Based on the characteristics of knowledge, 
according to Star and Griesemer (1989), there are three types of boundary objects. First is 
repositories. Once knowledge is expressed in the paper documents and the documents act 
as standardized references for solving the difficulties (Carlile, 2002), the knowledge is 
solid.  Consequently, the documents carrying knowledge are stored for reviewing when 
necessary. This type happens more in the library or museum (Lee, 2007). In companies, 
repositories are implemented more in Finance departments who need have static financial 
data. Second is ideal types. This type of boundary objects is abstract so that people in 
various communities can adapt based on their own experience and knowledge. Therefore, 
knowledge as objects transferred to boundaries is allowed to be freely interpreted. Quite 
often in companies, objects and models with rich knowledge are the ideal types that can be 
observed and implemented crossing functional boundaries. Furthermore, the coincident 
boundaries objects represent a common the various contents for the same boundaries (Lee, 
2007; Star & Griesemer, 1989). It represents the dependencies and boundaries existing 
between different groups or characteristics at a more systemic degree (Carlile, 2002). This 
kind of objects is essential for several responsibilities in the same project or having similar 
targets (Lee, 2007)0DSVRIERXQGDULHVKHOSµFODULI\ WKHGHSHQGHQFLHVEHWZHHQGLIIHUHQW
cross-functional problem-solving efforts that share resourcesGHOLYHUDEOHVDQGGHDGOLQHV¶
(Carlile, 2002, p. 451), which contributes to more clear interpretation in one boundary. In 
addition, the standardized form promotes common methods for communication, like form 
or standardized tables, which reduce the possibilities of misunderstanding (Star & 
Griesemer, 1989). As a shared and standardized format for solving difficulties, 
standardized forms and methods promote an opportunity to provide a more sharable and 
less problematic context among different boundaries (Carlile, 2002). 
It is proved that people in the various boundaries hold different knowledge and 
experience and the documents are social constructed with characteristic of alive, resulting 
the diverse understandings and interpretations of documents from external boundaries 
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(Bechky, 2003). It means that even documents with correct knowledge are transferred 
efficiently from one boundary to other boundaries the expression of knowledge may be 
signified into several contents in documents, making people unclear what knowledge is 
(Bechky, 2003). This may because not only the words and languages that senders use, but 
DOVRWKHFRPSDQLHV¶VLWXDWLRQDQGFRQWH[WPD\KDYHLQIOXHQFHRQWKHREMHFWVXQGHUVWDQGLQJ 
(Cicourel, 1981). Therefore, it is important to explain the transferred knowledge to make 
receivers find it easy to translate and transform. 
Carlile (2002, 2004) suggests several ways for coding knowledge. In terms of 
transferring knowledge, syntactic approach provides a common and consistent language 
that people in various boundaries can deal with straightforward documents. This method 
focuses on capturing and storing knowledge, especially for file and stored documents 
(Carlile, 2004). That is to say syntactic method is a simple but direct approach that is 
accepted by companies popularly. Therefore, this method is suitable for transferring 
knowledge between two boundaries. However, this method emphasizes on the direct 
communication and very specific pertinence, which is not effective in managing different 
knowledge if people are unfamiliar with them or do not get involved in this project (Carlile, 
2004). When the common language is established, the semantic boundary objects are 
implemented to provide different formats or expression methods across functions that can 
avoid conflicts in translating the documents among boundaries (Nonaka, 1994). In addition, 
when transferring knowledge from one boundary to others, receivers who hold their own 
knowledge may resist the new and external knowledge (Carlile, 2004). In this case, the 
GRFXPHQWV FDUU\LQJ NQRZOHGJH FUHDWH D EDVLF DQG FRPPRQ µDJUHHPHQW¶ WKDW UHGXFH WKH
conflict from people in various boundaries (Carlile, 2004).  This method is implemented 
when documents with knowledge from one boundary need to be explained and added by 
other boundaries. However, even semantic approach aims at coordinate and resolve the 
negative results when transferring knowledge, it seems that creating new knowledge 
requires people among boundaries to accommodate (Carlile, 2004), resulting the 
inefficiency of operations. Therefore, not only senders need to provide the language that 
can be accepted, but also receivers can translate the knowledge and then add new concepts 
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according to their individual understanding, which transform the new knowledge into the 
new documents combining the previous experience with new knowledge. It is obvious that 
transforming knowledge is the final stage of knowledge process, and the pragmatic 
approach for communication admits that the differences of knowledge decrease the degrees 
of interpretations and practical experience is far more important than accepting external 
knowledge blindly (Carlile, 2002). Furthermore, pragmatic boundary objects are applied by 
communities to develop suitable knowledge through translating the transferred documents 
from upstream boundary. Since people in various boundaries know that interpreting the 
received knowledge and then create new knowledge are costless effort, knowledge are 
treated as problematic (Carlile, 2004). Only when people aware the knowledge from other 
boundaries is difficult to use immediately, they may find solutions to adapt the received 
documents so that knowledge cross boundaries can be coordinate and integrate successfully 
(Carlile, 2002). Therefore, the benefit of pragmatic methods is to create documents that 
critically combine the common knowledge with their own experience, which make the 
documents suitable for particular boundary use (Carlile, 2004). These three approaches for 
dealing with knowledge promote the effective and efficient coordination and integration of 
documents in making standardization when communication (Lee, 2007). With the help of 
these approaches, the document flow is constructed socially and emerges continuously, 
which meet the demand of the live documents. 
Quite often, incomplete documents play an important role in establishing the common 
knowledge-based contexts. This strategy is implemented when documents with knowledge 
are new or unfamiliar for both senders and receivers (Lee, 2007). That is, if people holding 
documents in one boundary want to transfer knowledge that may not be familiar with to 
others (Lee, 2007), they may choose to use incomplete documents. Receivers may fail to 
interpret the introduced knowledge, if the documents are too strict. As a result, they make 
no sense because of the lack of previous knowledge. In order to solve this difficulty, the 
incomplete document provides the ambiguous expression that allows objects cross 
boundaries can be transferred, translated and transformed into multiple meanings 
effectively and efficiently (Barley, et al., 2012). This kind of documents emerges when the 
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products or service is hard to defined or unfamiliar for others. Since interpretations vary 
from knowledge-on-hold and the degrees of acceptances, the ambiguous documents 
become available that communities even people in various boundaries can access and 
translate the documents based on their acknowledgements towards documents (Barley, et 
al., 2012). Since knowledge is localized, socialized and practical, the incomplete 
knowledge can be freely interpreted as their understandings from experience from daily 
actions (Whyte & Boris, 2009). However, the multiple meanings may result to the loss 
control of knowledge processing. It indicates that people may misunderstand the origin 
ideas of documents. Therefore, when the knowledge from the documents requires exactly 
precise understandings, the documents must be established with clear formats and the strict 
contents. This method reduces the possibilities that people misinterpret the transferred 
objects (Barley, et al., 2012), which make the human actions perform inefficiently with the 
helps of material artifacts (Leonardi, 2011). For example, documents like operation policy 
or technical documents of standardized products need to be transferred and understood 
precisely so that people among boundaries can follow the instructions closely. In this case, 
the number of knowledge becomes less (Barley, et al., 2012), which make document 
process stable. 
The purpose to either use three methods to process knowledge or implement 
incomplete documents is to meet the balance point through coordination and negotiation 
(Lee, 2007). Since documents as standardized boundary objects cannot be established well 
in theorizing incipient, non-routine operations and so on, boundary objects may be failed 
when the translations are not available, flexible for all groups, which result to 
misunderstanding (Bechky, 1999).  Therefore, documents as boundary artifacts require 
amendment so that knowledge can be process efficiently and effectively (Subrahmanian, et 
al., 2003). Both Lee (2007) and Subrahmanian, et al. (2003) suggest that the prototypes can 
be emphasized partial agreements that not only used on translation, but also transforming 
the transferred knowledge. Therefore, it is important for people among boundaries to get 
the balance point through continuously communications. Firstly, the boundary objects 
should be considerable explained according to prototypes. This is the basic characteristic as 
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the balance stand of negotiation. Secondly, they are one of the convenient transferred and 
translated methods for understanding. In order to avoid conflict in communication, 
documents perform as bridges that link the language and knowledge. Thirdly, the 
transformed knowledge may be inconsistent due to the various interpretations and word 
expressions. Thus, documents are incomplete and changeable, which are suitable for 
flexibly interpretation and transforming. In addition, the negotiation of methods to 
processing knowledge focuses on the level of method standardization, which allows the 
documents to be processed as agreed processes. Therefore, the purpose of the negotiation is 
to develop more in a standardized way (Lee, 2007). The documents not only with 
ambiguous meanings, but also with clarity expressions are established through negotiations 
among boundaries with various knowledge and experience (Lee, 2007).  
However, negotiation promotes a flexible standing point in processing knowledge. 
Boundary objects perform as the medium for transferring, translating and transforming 
theoretically while there are other objects focusing on developing the knowledge through 
the practical experience, which are epistemic objects (Whyte & Boris, 2009). Due to the 
imbrications of human agencies and material agencies that knowledge and the human 
actions keep upgrading depending on each other (Leonardi, 2011), epistemic objects 
provide an opportunity to implement practical experience in the new knowledge, which 
enhance the perceptual interpretations of knowledge. As a result, the balance point of 
negotiation is influenced not only the performance of boundary objects, but also the 
consequence of epistemic objects (Whyte & Boris, 2009). Therefore, this issue promotes 
the flexible middle of negotiation, rather than a solid point, which results to more elastic 
and convenient operations. 
2.5 Gatekeepers as the characters of knowledge processing 
According to Carlile (2002), knowledge is localized and specialized (Katz & Tushman, 
1979) based on their working type and knowledge they hold, multiple meanings vary from 
the previous working experience and knowledge, which may result to the different kinds of 
understandings in the same boundary for one mission. This may because of the chaotic 
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communication channels, resulting to misinterpretation (Allen, et al., 1970). Therefore, 
researchers believe that knowledge should be organized and invested in practice when 
entering one boundary (Allen, et al., 1970).  
Many researchers imply that there are several individuals being responsible for 
controlling the knowledge process in external and internal communities (Tushman, 1977; 
Pettigrew, 1972). These individuals are called gatekeepers. They perform as keys to 
integrate the knowledge in boundary objects from the external environment and transform 
them as the specialized documents that are suitable for their particular groups.  
There is no doubt that gatekeepers play important roles in managing knowledge 
processing. Based on the function-oriented knowledge, gatekeepers focus on reducing the 
communication conflicts during attempting to find a balance point. Firstly, Although 
boundary artifacts are designed for people who can transfer and translate in a common and 
elastic way, the flexible and various understandings exist when transferring among 
boundaries. In the internal boundary, consistency is necessary. Therefore, the existence of 
gatekeepers indicates the control of negotiations, making knowledge transferred within the 
certain targets or themes in internal communities (Allen & Cohen, 1969). Secondly, 
gatekeepers are the doors that bring documents in (Katz & Tushman, 1979).  Quite often, 
gatekeepers have more experience on the both external knowledge and internal technology. 
They perform as guards who welcome all the information no matter whether it is useful or 
not (Allen, 1969). Thirdly, they are the key components to facilitate the external 
communications (Allen, 1969). Linking boundaries promotes positive communication 
between senders and receivers, which is essentially efficient for both, especially for the 
downstream, gatekeepers who are required to confirm the correctness of documents. Only 
through communication, negotiation can make sure the standardization of knowledge 
sharing (Katz & Tushman, 1979). Fourthly, since it is important to filter documents for 
internally used, the role of gatekeepers is to reorganize the knowledge through individual 
interpretations, and to transform a suitable expression that can be widespread in the 
community (Allen, 1969). This is related to the approaches of recognizing and interpreting 
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boundary objects. Fifthly, gatekeepers respond to the deployment in terms of transmitting 
knowledge specifically to particular people. That is due to the various backgrounds or 
responsibilities in one boundary, documents sharing can be more efficient and specific to 
routines, promoting to more technically competent and productive. In order to standing in 
the balance point, knowledge are explained and added in order to meet the requirements of 
internal community according to their individually working experience. In other words, 
JDWHNHHSHUVDFWDVµILUVWOLQHVXSHUYLVRUV¶ (Allen, 1969, p. 4). Based on their goals in human 
agencies, gatekeepers adjust their technologies in material agencies and spread individual 
knowledge through WDNLQJ µWUDLQLQJ GHYHORSPHQW DQG VRFLDOL]DWLRQ UROHV¶ LQ SURFHVVLQJ
documents carrying amount of knowledge (Katz & Tushman, 1979, p. 8). Therefore, the 
main purpose of introducing gatekeepers is to integrate the new knowledge that are going 
to enter one boundary, and select the necessary one to explain and add the knowledge so 
that the transformed knowledge may be useful for internal activities. 
There are many researchers investigating on the gatekeepers network (Allen, 1969; 
Katz & Tushman, 1979). They believe that the document flows through gatekeepers 
network enhance the level of interaction, which result to the frequent and cost-effective 
contact (Allen, et al., 1970; Allen, 1969; Katz & Tushman, 1979). It is obvious that not all 
people among boundaries can take part in negotiation of the standardized methods for 
documents, so gatekeepers are treated as intermediaries who link the gatekeepers from 
other boundaries with their colleagues in the same communities (Katz & Tushman, 1979). 
That is to say, members in this network keep very close position to others; even they 
physically belong to particular communities (Allen, 1969). In addition, since the 
knowledge as boundary objects is transferred through gatekeepers, the gatekeepers network 
can be treated as the network of communication, which formulates a systematic and 
organized communication structure (Katz & Tushman, 1979). 
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3. Methods 
3.1 The case: Research in Shanghai Cooltech Power Limited Company 
Founded in 2002 in Shanghai, China, Shanghai Cooltech Power CO., LTD. is a 
manufacturing company, which specialized in assembly of intelligent environmental 
integrated power station. Their products vary from 4kVA to 2500kVA, with open gensets 
or silent power stations, truck or towable power stations, seaworthy containerized or 
enclosure power stations and so on, which are significantly applied in telecommunications, 
power plants, nuclear power plants, highway, national defense, etc. Cooltech provides 
customized design, but also OEM (original equipment manufacturer) manufacturing 
service, which makes it dramatic from other power-generator companies. 
Cooltech has about 368 employees due to the end of 2011, and there are 70 and 168 
employees in the design and Production Departments respectively (Finance, 2011), which 
play major parts in the company. According to theoretical supports, there are several 
research questions.  
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Theories support Related questions 
Socialized and live 
documents 
(1) Do documents alive?  
(2) What contribute the documents? 
(3) Are documents are useful? 
Organizational 
structure 
(1) How do the departments transfer its knowledge internally? 
Relationship between 
human and material 
agencies 
(1) What are the common difficulties in daily activities? 
(2) What are the solutions when meeting difficulties? 
Performance of 
boundary objects 
(1) How many documents are sent from other departments? 
(2) What do the documents do? 
(3) What if the documents from other departments fail to be 
understood? 
Roles of gatekeepers (1) Who are the people taking responsibilities in solving the 
difficulties? 
Table1. Essential questions related to the theories 
Since the research focuses on establishing the interrelationship in knowledge 
development when individuals processing it, it is important to evaluate psychological 
understandings of individuals toward knowledge processing. Quantitative research methods 
emphasize confirming hypotheses about the phenomenon by collecting numerical data 
from rigid questionnaire or surveys (Moriaty, 2011). This method is widely applied in 
describing features of population, causal relationships and so on (Mack, et al., 2005). 
Different from quantitative research, qualitative research methods attempt to exploit a 
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particular phenomenon (Mack, et al., 2005), which is flexible, interactive. This method is 
generally implemented to explain the relationships and experience that is open and hard to 
represent by number (Moriaty, 2011). This research focuses on the evaluation of 
documents flows, the relationship between routines and technologies in daily operations, 
the methods among communities for transferring, translating and transforming knowledge 
and tactics that company use in the knowledge processing. All of them are related to the 
interpretation of knowledge and practical experience, which are dynamic and intangible. 
Therefore, qualitative research methods are more appropriate in this research. 
3.2 Research methods reviews 
There are several methods in qualitative research. According to Moriaty (2011), the 
common research methods are observations, interviews and focus groups. The observation 
method is one of the qualitative research occurred in the traditional ethnographic research. 
It accumulates naturally going data about firsthand information about the social activities 
(Moriaty, 2011). It emphasizes on the non-verbal daily activities occurring in company 
(Pope & Mays, 2006). That means researchers participate in the observed environment and 
OHDUQ WKH UHDO OLIH DV DQ µLQVLGHU¶ UDWKHU WKDQ DQ µRXWVLGHU¶ (Mack, et al., 2005). The 
observation evaluates what happened and how they do, which is essential for discovering 
working routines as background. This method encourages researchers to develop a clear 
FRQFHSW RI FXOWXUDO FLUFXPVWDQFH WKURXJK LQGLYLGXDOV¶ SHUVRQDO H[SHULHQFH )XUWKHUPRUH
WKURXJKZLWQHVVLQJFRPSDQ\¶VGDLO\DFWLYLWLHVVRPHXncover factors that may be important 
for research can be explored, which become one of the essential issues in the research 
(Mack, et al., 2005). However, observation is time-consuming. The traditional participant 
observations require at least one year so that the researcher can critical analyze the entire 
operations of a company, which is not practical for most applied researches (Mack, et al., 
2005). Additionally, it is difficult to document the observed data. Since the data, such as 
performance, video, records from participant observation is extracted into documents, it is 
KDUG WR GRFXPHQW HYHU\WKLQJ ZKLOH UHVHDUFKHUV DUH REVHUYLQJ 7KHUHIRUH UHVHDUFKHUV¶
memory and personal perspectives, like interests or culture are important factors to write 
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down and explain the observation as completely as possible (Kawulich, 2005). Therefore, 
participant observation is a beginning and basic step in the qualitative research (Lacono, et 
al., 2009), and it requires other methods to enrich the whole research.  
In addition, the in-depth interview is one of the common qualitative research methods. 
It allows researchers to access much deeper understandLQJVDFFRUGLQJWRWKHSDUWLFLSDQWV¶
responses on the research topics (Mack, et al., 2005). Rather than looking, the interview 
focuses on talking experience and sharing feelings. Through interview data, the evaluation 
about how and why can be explored. Furthermore, this method offers an opportunity for 
researchers to capture insights into how people accumulate the cases. Through being 
interested with occasional conversations, interviewees have enquiries about their personal 
life or believe that can promote their enthusiasm in exploring their understandings about 
relationships among specific events or attitudes. Thus, interviewers can probe the concepts 
that they have to the world (Mack, et al., 2005). In-depth interview can be characterized 
into two directions. First is the focus group. That means participants gather and talk about 
several research topics at the same time, which is similarly having a seminar meeting. 
Second is single interview. Interviewees are required to answer several questions that are 
related to the research. These questions pursue a deeper particularly area, and tend to be 
more emotional, psychological. The interview data can be expressed as transcripts, 
recordings, and notes and so on by researchers (Mack, et al., 2005). Therefore, the data are 
flexible depends on the questions that researchers ask. Researcher can deepen one 
particular questions according to the answers to participants (Hague, 2006), which can be 
different from others. Furthermore, since interviewees are questioned separately so that 
they perform confidently toward issues, the answers are independent and precise to 
research questions (Hague, 2006). However, despite in-depth interview is time-consuming 
in terms of recruiting interviewees and translating data, the result of in-depth interviews is 
vague since the conversations are unstable due to the emotion, culture of participants 
(Mack, et al., 2005). Therefore, when interviewing people, the sample selection should be 
careful enough, which confirm the data is evidential. 
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)XUWKHUPRUH GRFXPHQWV DV DUWLIDFWV DUH µFRQVWUXFWHG LQ a particular context, by 
particular people, with particular purposes, and with consequences which are intended and 
XQLQWHQGHG¶(Mason, 2002, p. 110)7KH\DUHLQHYLWDEOHLQFRPSDQLHV¶RSHUDWLRQVLQWHUPV
of storing, expression and representation. Through reading documents, it is easy to 
investigate the reasons of producing documents, the producers, when produce it, the 
receivers and the uses of it. As a result, documentary work can be treated as the key 
methodological point. Documents, such as tables, graphs, drawings, reports and so on, are 
widely used in the company. All of them are the collected secondary information, which 
can present insights of the lives and ideas of particular subjects in companies (Hale, n.d.). 
Therefore, it is important to analyze the documents as one of the important artifacts. 
)XUWKHUPRUH HDFK GRFXPHQW LV IRUPXODWHG ZLWK FHUWDLQ W\SHV 7KH µW\SHV¶ UHIHUV WR
knowledge coding methods, such as unique format, language, and expression methods. 
They are essential to be analyzed because these expressions present direct relationships 
between senders and receivers. However, documents containing the rational knowledge can 
only represent the situation at that moment, which is not continuous. Therefore, it requires 
much time to read various documents in different periods so that the whole social 
operations can be understood. 
3.3 Choosing research methods 
When deciding the research topic, researcher get in touch with her friends who 
working in Cooltech. They provide large amounts of documents through the Internet. 
Furthermore, several managers and colleague working in different departments are 
contacted with the helps of friends. Through talking to them by Skype, systematic concepts 
about the operation of the company are formed. Consequently, based on the specific 
situations, several detail questions to specific departments are listed (attached in Appendix). 
The advantages of investigating this company are that there are enough relationships 
(Called GUANXI in China) so that it is easy for the researcher to access documents and 
interviewees. Meanwhile, due to the limited time staying in China, there are only two 
Knowledge Processing in Manufacturing Industries: The Evaluation of Documents as Boundary Objects in Implementing Knowledge 
30 
 
weeks researching in the company. Therefore, after evaluating the suitability of each 
qualitative research method, I choose the following methods. 
Firstly, secondary data are collected as secondary data, which reduce the time-effort to 
evaluate the operations of companies (Bryman & Bell, 2011). Therefore, document reviews 
as one of the important methods for research are introduced to explore deeply in terms of 
the contents of knowledge and the transferred and transform methods. During three months 
researching, documents from marketing, commercial, design, production and purchasing 
departments are collected. These documents include regulations, drawings, technical 
documents, contracts, notifications, and modification announcements and so on (some are 
attached in the Appendix). It is possible that these documents draw a clear picture about the 
social activities in terms of the policies about departments, the contents of operations in 
each department, what they have done, what they are going to, the relationship with other 
departments and so on. During reading documents, there are several questions that are 
emphasized. First is what contents are in. Second is who get involved in the documents. 
Third is why they produce these documents.  Through analyzing these documents, the 
document flows can be evaluated. Furthermore, the formats and the contents of documents 
can be useful in exploring the performance of knowledge across boundaries. Therefore, the 
documents promote the observation of the clear structure of knowledge-transferred 
channels and the pre-evaluated performance of knowledge as boundary objects. 
Secondly, ethnographic observations research method is applied as primary data for 
discover the operation background in terms of what people do and how they do in the 
company, especially in design and Production Departments. Researcher spend two days 
respectively in design and Production Departments, watching the working environment, the 
ways and contents people talk and the technologies that they use in their works. 
Furthermore, meetings are important for observation, such as weekly meetings, 
problem-solving meetings and the head managers meetings. These meetings provide clear 
ideas about what each department is doing and the operation process. In addition, in order 
to access informal data from company, researcher joins their lunches, talking with them in 
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the non-working time and listening their gossips, which get close to their daily lives. 
During these periods, some notes and photos are taken, helping me remind of the essential 
and necessary issues. During observations, some questions are focused as follow: (1) How 
individuals in the same department transfer documents; (2) How individuals send 
documents to other department; (3) In what formats that documents are transformed. 
Thirdly, in the research, document reviews and participant observation provide an 
opportunity to scan and participant in the daily operations and attempt to find problems or 
extendable questions. However, interviews encourage deeper explorations, which can 
evaluate the psychological interpretations of interviewees. Data from interviews promote 
the emergence of transcripts that can describe, record or note the current performance. 
Furthermore, the data provide unique perceptive to answer questions from interviewees. It 
is essential because the differences between interviewees prove the various understandings 
of objects and that is what the research focuses on. Therefore, interviews play a virtual role 
in contributing the researches in terms of collecting primary data. Since Cooltech is located 
in China and there are only two weeks staying in company, researcher applies not only 
face-to-face communication, but also talk to individuals through Skype (a kind of social 
network software). In interviews, questions are raised flexibly based on different people, 
because of their occupations and degrees of knowledge interpretation (Detail questions are 
listed in the Appendix). However, the questions are asked according to these following 
basic topics: (1) are documents from other departments useful? (2) When and who send the 
documents? (3) How to make knowledge in documents sense? (4) What to do with 
difficulties? And so on. 
In terms of constructing the paper, the induction process is implemented. Through 
observation or findings that evaluated from basic theories, new theories can be generated. 
Quite often, inductive strategy links data and theory through applying qualitative research 
approach, which match the method that the research implements. The results of 
observations, interviews and document reviews are the procedures that the induction 
process applies to establish the theoretical understanding of knowledge processing.  In 
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other words, with the help of the induction process, the model of knowledge process can be 
developed based on the practical experience, which can be more persuasive and evidential. 
3.4 Data collection 
Researcher spends about two weeks collecting documents and exploring the 
organization structure from Cooltech in the UK and two weeks staying in the company for 
detail research surrounding specific topics and questions. The research lasted from 4th, June 
to 27th, June in 2012. Researcher not only chooses purposive sampling (Choosing the 
sample related to particular research questions), but also quota sampling (Choosing sample 
according to their characteristics, like functional occupations). In the research, 
psychological perspectives, like the processes of conveying documents, the tactic to 
interpret knowledge from documents and methods of reorganizing knowledge should be 
explored by interviewing individuals and on-sight watching. It means that the sample is 
selected depending on individuals or departments who may have such or similar 
experiences in the company. Furthermore, in order to identify various understanding 
among departments, the sample is also chosen based on their functional characteristics. 
Therefore, the research schedule is described as followed: 
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Observed department Research methods Time period  Participants number 
Marketing  Document review After 15th, June N/A 
Commercial Document review After 15th, June N/A 
Face-to-face 
communication 
15th, June 1 (Ms. Xuehui LIU) 
Design Participant 
observation 
1st: 15th, June 
2nd: 19th, June 
45 (whole department) 
Interviews 1st: 4th, June 
(through Skype) 
2nd: 25th, June 
(face to face) 
1 (Mr. Yanping ZHUANG) 
3 (Mr. Yanping ZHUANG, 
Mr. Tianqun LIU, Mr 
Shaowei YANG) 
Document review Whole period N/A 
Production Participant 
observation 
1st: 14th, June 
2nd: 18th, June 
Whole department 
Interviews 1st: 5th, June 
(through Skype) 
2nd: 26nd, June 
(face to face) 
1 (Mr. Guoliang GUO) 
4 (workers: Mr. Liu, Mr. Ma, 
Mrs. Lin)(technician: Mr 
Junjie Lu) 
Document review Whole period N/A 
Table 2: Research Schedule 
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Department Start End June 
4th - 11th  12th  - 19th  20th ± 27th 
Marketing 15th  27th  B 
Commercial 15th  27th  
B 
Design 4th  27th  
B 
Production 5th  27th 
B 
A: Interviews B: Document review C: Observation 
Table 3: Research Timeline 
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4. Findings 
4.1 Document flow procedures: Documents are socialized constructed and alive in the 
whole procedure 
After nearly a month research, there are many questions based on research topics 
being asked, and the results are satisfied. During this period, documents that are transferred 
in Cooltech play an important role in analyzing the social life of documents. 
 
 Graph 1: Documents flow in the whole process of operation 
The graph above indicates the documents flow when order coming. Firstly, Marketing 
Department takes responsibility of communicating and negotiating with customers. 
Commerce Department performs as an operation center that integrates documents by 
projects and sends specific orders to particular departments. Design Department responds 
to research and development, which focus on the unstandardized products and deal with 
difficulties when producing artifact. Production Department plays a role in assembling 
products with the demands of customers and Design Departments. Furthermore, Purchase 
Department organizes the purchasing behavior, such as purchase engineers, raw material 
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and so on. There are other departments. Since in manufacturing industry, these five 
departments have more relationship with production, so these departments are selected as 
the major targets.  
Begun with orders from customers, Marketing Department VHQG WKH ILOH FDOO µ2UGer 
5HTXHVW¶6HH WRCommerce Department. WKHQUHFHLYLQJµ2UGHU5HTXHVW¶Commerce 
Department organizes a consultant meeting that gathers Marketing, Design, Production and 
Purchase departments to evaluate the feasibility of the order. Once all the departments 
agree to confirm the order, they VHQG DQ µ$JUHHPHQW /HWWHU¶ WR Commerce departments, 
who will seQG WKHVH µ$JUHHPHQW /HWWHU¶ WR Marketing Department. When contracts are 
finished and they are transferred to Commerce Department, commerce will send 
µ3URGXFWLRQ3ODQ¶WRDesign, Production and Purchase DHSDUWPHQWV7KLVµ3URGXFWLRQ3ODQ¶
contains the specific customer requirements, the basic needed equipment, as well as the 
delivery date. Then Design Department produces drawings, material list and technical 
document (if necessary) to Production Department. These documents describe the precise 
knowledge about technology, assembly process and the required equipment. After 
technicists reading these documents, if they meet difficulties with reading them, they may 
UHSRUW µ0RGLILFDWLRQ¶ RU µ(QTXLU\¶ WR Design Department so that they can have better 
understandings of the documents. Then this knowledge is sent by providing more specific 
WHFKQLFDO LQVWUXFWLRQV OLNH µ$VVHPEOH *XLGH¶ WR ZRUNHUV ZKLFK KHOS WKHP DVVHPEOH
product efficiently and effectively. Based on the received documents, monitors in 
ZRUNVKRSGHSOR\VHYHUDOZRUNHUVWRILQLVKWKHLUZRUNV$IWHUSURYLGLQJµ7HVWLQJ5HSRUWV¶
DQG µ3URGXFW $VVHPEOH /LVW¶ WKH SURGXFWV FDQ EH GLVSDWFKHG ZLWK WKHVH GRFXPHQWV Ey 
VHQGLQJµ'HOLYHU5HTXHVW¶WRMarketing Department. 
There is no doubt that these documents are produced for communicating and 
transferring knowledge. Through interactions, the documents are established to make sure 
the documents are suitably efficient and effective for other departments. Technologist Mr. 
Liu suggests that 
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In order to fulfill the technical documents, we need to observe and understand the operations of 
assembling and feedback from workers in workshop directly.  
That statement means that the documents produced after observing assembling process 
is the best and effective way. This is the result through scanning and integrating knowledge 
from practice experience, which enhance the relationship between engineers and workers. 
Furthermore, through communication and negotiation among communities, documents are 
the connection that makes knowledge transferred effectively and efficiently. Technicist Mr. 
Lu indicates that 
Seldom engineers visit workshop to observe the process of assemble, so they have not too 
much knowledge of activities in Production Department. Therefore, we have to produce other 
technical documents and sometimes drawings to cover the gap between engineers and workers, 
which provides better reference and understanding of assembling, especially new workers. 
In this case, documents play an important role in linking different departments by 
standardized expressions so that senders can fully understand them. That is mainly because 
of the miscommunications or misunderstandings for particular works. However, these 
documents provide an opportunity for various departments to combine knowledge from 
different boundaries through communication and discussions, which make documents 
professional and helpful. 
Nevertheless, in the real world, documents are not constructed efficiently. They are 
produced according to the idea of producers, which may be hard to be understood by others. 
As Engineer Mr. Zhuang said 
The technical documents, which are image project, are not essential for workers since we think 
they do not know how to use them. 
Mr. Zhuang mentions image project, which means that these documents are produced 
for dealing with the company regulations. Rather than providing knowledge guide, these 
documents are only pieces of paper, which are useless for practical implementation. Since 
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engineers pay little attention to producing documents, the documents have little 
performance when using. As a result, that makes documents created less socialized and 
unrealistic. 
In addition, it seems that the document process is implemented in a project for one 
particular target. Even every department has constructed its own documents, and each 
document performs various meanings, the purpose of producing documents is to develop 
products that can meet the demands of customers. That is to say, based on the requirement 
of customers, each department finds a way to make documents useful in his departments. 
Furthermore, the transferred documents contain particular directions and means. Engineer 
Mr. Yang said,  
We produce drawings based on the custoPHUV¶GHPDQGVDQGWKHVHGUDZLQJVDUHWKHUHIHUHQFH
and education for not only new workers, but also test and examination.  
Due to different responsibilities in departments, knowledge they hold is distinctive. In 
order to make knowledge alive and used in company, documents need to play an important 
role in carry them and be understood. According to Mr. Yang, documents are not just 
produced for their own use, but can be transferred and applied by others. That means there 
are certain purposes producing documents. Every document takes responsibility to carrying 
specific knowledge, which making document suitable in various departments and alive 
with different formats in the whole process. That is to say, because of the existence of 
knowledge can be expressed through documents by a range of presentations by 
departments. That is the same meaning with Workers Mr. Liu, 
We use technical documents to check our operations. These documents can help us know more 
detail assemble, which provide a more clear idea of operation. 
Therefore, living documents have the advantage of bringing updated and useful ideas 
WRSHRSOH¶VZRUNV)XUWKHUPRUHDOLYLQJGRFXPHQWQRWRQO\FDQFDUU\XVHIXODQGXSJUDGHG
knowledge, but also carry consistent knowledge. According to the graph of document 
process, their main purpose is to produce a desired product. Although each department 
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produces different documents, and each documents expresses various meanings, there is no 
deny that the basic concept that is to produce required products are included in all 
documents. That is, based on knowledge background, documents are expressed differently 
with the same concept. 
4.2 Organizational culture: Documents with knowledge sharing depend on the 
organizational culture 
$FFRUGLQJWRGRFXPHQWVUHYLHZHGIRUFXVWRPHUVµ.HHSLQJLPSURYLQJ the quality of 
ERWK SURGXFWV DQG VHUYLFHV FRQWLQXRXV LQQRYDWLRQ WR PHHW FXVWRPHUV¶ QHHG DQG EH\RQG
FXVWRPHUV¶ H[SHFWDWLRQ¶ EHFRPHV &RROWHFK¶V PDLQ DLP (Cooltech, n.d.). Cooltech also 
IRFXVHVRQµSURYLGLQJDUHDVRQDEOHSD\DSSOLHGWUDLQLQJGLYHUVLILHGGHYHORSPHQWDQGJRRG
DWPRVSKHUH IRUZRUNLQJ¶ LQ WHUPVRI LQWHUQDORUJDQL]DWLRQ (Cooltech, n.d.). It seems that 
products produced from Cooltech almost are customized and specific to customers. 
However, there is no doubt that stuffs have limited knowledge. Only Cooltech should do is 
to keep upgrading knowledge of employees through trainings, diversified development. 
This strategy is useful when transferring documents. Because only the documents can be 
coded and encoded successfully and knowledge can be efficiently and effectively 
transferred, the products can be created. Additionally, due to this culture which people are 
required to access as much as knowledge, knowledge from various departments is allowed 
to be shared in the company by employees voluntarily.  
Furthermore, not only company culture can play an important role in sharing 
documents, but also the organizational structure influence the efficiency and effectiveness 
of knowledge transferred. Since the research focuses on the documents transferring in 
production and Design Department, and these two departments have significant difference 
in organizational structures. 
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Graph 2: Organizational structure of Production Department (Translation vision) 
According to Production Manager Mr. Guo, he believes that the organization structure 
of Production Department is flat and organized significantly. 
We have about 200 workers in Production Department, which is hard to control. However, 
because our department has clarified functions, such as technology support, purchase, producing, 
testing and logistic. That means we can separate them flatly, so that people can work by their own 
responsibilities. Especially in transferring documents, employees can transfer and receive 
knowledge specifically from particular functions and departments, which increase the efficiency and 
effectiveness of knowledge process. 
The ideas from managers indicate that the benefit of flat organization, which brings 
efficiency and effectiveness of transferring documents in terms of communication channels 
and transferring directions. Workers also encourage the benefits that flat organizational 
structure brings. For example, worker Mr. Liu suggests that 
When we meet difficulties in assembling products, it is easy for us to find the solutions easily 
from technicists in Production Department. This is very helpful in assembling. We can get great 
assistance from them easily. 
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This statement indicates that the flat organizational structure bring frequent 
communication and significant contributions to works. There is no doubt that in Production 
Department where the number of workers is too large to control. According to the graph of 
the organizational structure, the flat structure is significantly contributed to the direct 
connection inside departments, which make the work done in a convenient strategy. 
Especially when transferring knowledge, documents as a method of interaction play an 
important role in travelling through each function, and if the documents can be shared with 
highly efficiency and effectiveness, the workers can be finished more successfully.  
 
Graph 3: Organizational structure of Design Department 
Different from Production Department, the formation of engineers is dramatically 
different.  Based on the graph of organization structure of Design Department, it is easy to 
recognize that the structure tends to be vertical and tall. There is no doubt that it is helpful 
for making sure the exactness of knowledge through controlling communicational channels 
and people. According to Manager and Engineer Mr. Zhuang said, 
We have many engineers and all of them have different levels of knowledge. Each level of 
engineers takes responsibility to specific degree of work. Therefore, quite often we are not allowed 
to transfer knowledge over levels and the information should be shared through a particular channel.  
Manager 
Senior 
engineer A 
Junior 
engineer A 
Fresh 
engineer A 
Fress 
engineer B 
Appentices 
Junior 
engineer B 
Junior 
engineer C 
Senior 
engineer B 
Senior 
engineer C 
Technologists 
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Therefore, the organizational structure that Design Department implemented is 
vertical structure, which forms a strict knowledge flow that transfer documents from 
bottom to top and top to bottom. This structure is essential for Design Department, because 
it may be mass if junior engineers make mistakes in some advanced technology. As 
Engineer Mr. Yang said, 
We do not let junior engineers get involved in advance technology in case they make mistakes 
in it. They can learn as apprentices following with senior engineers. Even though they help finish the 
jobs, they must send their documents to their managers to confirm the correctness. Power generator 
is a high precise machine, which is not allowed to have mistakes. 
This statement indicates the reason why the strict and rigid organization structure 
Design Department is implemented. However, this horizontal organization structure brings 
heavy stress to engineers, especially senior engineers. Engineer Mr. Yang suggested that, 
There are only three senior engineers in Design Department. Unfortunately, we are not so 
young that we can catch up with all the latest technology, especially the latest fashion technology, 
like energy-saving and nuclear technology. We need to handle not only our own work, but also the 
reports and documents from junior engineers, which are tough for us.  
As a matter of fact, the operations of one project not only can be based on vertical and 
flat organization structure, but also can be organized as cross-function groups. The 
knowledge-orientation management structure provides an opportunity for employees to get 
together as project members so that employees from different departments but holding 
similar knowledge can share and integrate similar in the same group. This structure is 
widely applied in Cooltech. For example, the project about nuclear safety involves in at 
least 11 employees from 7 departments (Marketing, Commercial, Design, Production, 
Purchase, Quality, and head office). They have similar knowledge background so that 
NQRZOHGJHLVHIIHFWLYHO\DQGHIILFLHQWO\WUDQVIHUUHGLQDFHUWDLQµFORVH¶DUHD7HFKQLFLVW0U
Lu agrees its advantage. 
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,OLNHWKLVZRUNLQJVW\OH<RXFDQ¶WLPDJHLQRUGHUWRVHQGGRFXPHQWVWRRWKHUGHSDUWPHQWIRUa 
specific project, we need to run up and down through building to explain the meaning of documents 
or order requests, which are nightmares for me. Thanks to this structure, our working area for one 
project has shrunk. Therefore, we can share and apply knowledge together and simultaneously.  
Not only technicists, but also engineers and members of other departments believe that 
this style is useful and important. In other words, in manufacturing industry, where 
technology as knowledge is the most important factor, knowledge management structure is 
one of the essential strategies that they can use for integrating and sharing knowledge. 
4.3 Flexibility in knowledge and document: The relationship between human agencies and 
material agencies is the important factor of adjusting technology or routine 
During designing and producing power generator, there is no doubt that employees 
should produce many documents, so that their knowledge can be expressed to other 
departments. People in the company read, interpret, and share knowledge in documents, 
aiming to improve their working skill and remedy their limitation if necessary. These 
GRFXPHQWVDVPDWHULDOREMHFWVSOD\DQLPSRUWDQWLQJXLGLQJSHRSOH¶VZRUNVDVZHOODVWKH
direction of development. Consequently, when the goals of human need to be spread, 
materials are essential in supporting and directing. Whilst, when material artifacts are 
transferred to other department, the purpose of employees in this department may be 
changed, so that employees can adopt and adjust these new comers. That is to say, artifacts 
and purposes are interrelation and the change of one side may lead to the change of the 
other side.  
As a matter of fact, when new knowledge is introduced in one department, it may be 
impossible that people in this department can do nothing to it. There must be a certain of 
FRQIXVLRQ WKDW DUH SURGXFHG E\ WKLV µVWUDQJHU¶ FRPH $W WKLV WLPH WKH QHZ NQRZOHGJH
EHFRPHVFRQVWUDLQIRUSHRSOH¶VZRUN7KHUHIRUHSHRSOHVKRXOGILQGVROXWLRQVWRWUDQVODWHLW
As Worker Mrs. Lin said, 
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Quite often engineers require us to assemble the particular machine parts that we are not 
familiar with, but they just give me the drawings without any further instructions, which is really 
annoying. However, we can do it by seeking helps from senior workers or monitors. They know 
mRUHWKDQXV7KDW¶VWKHZD\ZHVROYHWKHGLIILFXOWLHV 
Technologist Mr. Liu also agrees the troublesome of new knowledge. He said, 
You know, customers have tens of thousands of expectations, and we need to find out tens of 
thousands of schemes to meet theiUUHTXLUHPHQWV:HGRQ¶WKDYHWRRPXFKWLPHOHDUQLQJWKHWKHRULHV
RIWKHVHWHFKQRORJLHV2QO\ZHFDQGRLVOHDUQWKHPIURPSUDFWLFH7KDW¶VZKDWZHGRIRUFUHDWLQJ
technical documents: practice first, and summary second. 
Therefore, when meeting the difficulties of daily works, people have abilities to find 
another way out to unravel them. Actually, not only technological difficulties, but also 
material artifacts, like documents, can bring inconveniences to employees. Worker Mr. Liu 
implied, 
Engineers provide only one paper copy of technical documents in the production office. It is 
too troublesome for us to the RIILFH WR UHDG LWZKHQ ZHDUHDVVHPEOLQJ%HVLGHV \RXFDQ¶W LPDJH
how stupid seeing a worker turning screws by reading the technical documents on the hand. Thus, 
we just assemble the products based on our experience. 
That is to say, when new knowledge is transferred to other departments, people in 
these departments start finding strategies to adapt and absorb them as difficulties.  
Since material agencies indicates the artifacts that can support and collaborate the 
knowledge for daily uses, there is no denying that both scientific technologies and 
documents can play an important role in deciding the routines of operation. Through them, 
the knowledge can be transferred and translated in a better style. Thus, knowledge as a kind 
of force can push the routines to operate more effectively and efficiently. 
However, not only adjusting material artifacts, but also changing the aims of 
operations has time lag when adjusting and accommodation. That is because people resist 
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the external knowledge, which believe it may disturb their daily activities. As Worker Mr. 
Liu indicates 
:HGRQ¶WQHHGWHFKQLFDOGRFXPHQWV-XVWSURYLGHPHGUDZLQJVDQGPDWHULDO list, I can make a 
machine. We have experience, which is more important and useful than a piece of paper. Thus, I 
GRQ¶WQHHGDQ\RQHZKRQRWIURPZRUNVKRSWHDFKHVPHKRZWRGRLW 
Additionally, when the change of material circumstance promotes the revolution of 
working manner and the change of working environment encourages the improvement of 
material artifacts, either the working manner or material artifacts vary from people who 
have different duties. In Production Department, Mr. Liu responses to the mechanic 
assemble while Mrs. Lin takes the work of electronic assembles. It is obvious that 
electronic control in power generator is the most precise technology and the electronic 
assemble must be followed by the rigid instruction book; otherwise, the operation of 
electronic control may out of work. However, Mr. Lin argues that mechanic works are 
mostly based their experience, and their works tend to be mechanized and simple. 
Therefore, they can assemble their works with easy and comfortable manners. Due to the 
various working patterns, the ways to improve the working manners or to revolute the 
technologies are different between electricians and machinists. As Mr. Liu and Mrs. Lin 
imply above, electricians prefer to seek helps from senior workers or monitors while 
machinists would like to practice many times and learn the skills from experience. 
Consequently, the changes of technologies encourage different possibilities for 
performance based on their working circumstances. 
The interdependent relationship between technologies and other material artifacts that 
people implement in work and the routines brings several advantages. Firstly, when 
difficulties in solving the technologies or in operating routines, the changes in the other 
side improve the prior technologies or performance, which make the whole operation 
system perform more efficiently and effectively. In the project file about ordering 
soundproof power station, it is obvious to clarify the noise levels are different based on the 
demands of customers. Currently, Cooltech is able to produce the station that can reduce 
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the noise to 70 db. (Decibel). When customer required the noise of the station should be no 
more than 65 db., engineers found other ways in theory to analyze the feasibility, like 
µDGGLQJFUDVKUROOFDQUHGXFHWKHFROOLVLRQEHWZHHQSDUWV¶RUµEXLOGLQJWKHFORVHd case, like 
FRQWDLQHUVFDQLQWHUYHQHWKHWUDQVPLWWHUZKHQVRXQGLVWUDQVIHUULQJ¶(QJLQHHU0U<DQJ
Then through documents, engineers send these theories to workers and provide theoretical 
instructions about assembling to them. Based on these theories, workers put them into 
practice by ordering required parts through outsourcing and learn how to assemble when 
practicing. Consequently, the limitation technologies encourage the modification and 
improvement of routines, which make them more suitable for daily activities. In other 
words, both the changes of material artifacts and daily activities can be treated as 
innovation factors, which can push a new image of company operation. Secondly, there is 
no doubt that new activities or technologies are emerged based on the current abilities in 
terms of goals and material artifacts. Due to them as innovation supports, new material 
artifacts or improved activities have solid infrastructures, which are more evidential and 
persuasive. As Engineer Mr. Zhuang indicated, 
Although our products are customized, they are modularized developed. That is to say, if the 
products are created by different modules, they can perform the functions differently. Therefore, 
even we meet the limitation of technologies or constrains of daily operations, we can seek 
development in modules based on our prior knowledge of them, which is more efficient and 
persuasive.  
That is to say, the imbrication of technology and routines in company enables the new 
knowledge to be created transparently and implemented actively and reflexively. However, 
WKHGHYHORSPHQWRI WHFKQRORJ\DQGURXWLQHV LVFRQWLQXRXVDQGFRQVLVWHQW:KHQSHRSOH¶V
works meet obstructs in producing products with new technology, they may keep finding a 
new routine to accommodate these technologies. After that, knowledge in their routine 
need to be expressed in material artifacts, like documents. However, it is impossible that 
the routine can be improved so successfully only once. The knowledge in technologies 
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needs to be learnt, absorbed and transformed into their own understandings. Thus, it 
requires time and effort to modify step by step through learning and practicing. 
4.4 Conflict and integrate: Transforming new knowledge in boundaries requires standing 
in a balance point 
In Cooltech, each functional department represents various responsibilities with 
different understandings of the product and the knowledge process, which are summarized 
in the table in terms of their work contents, locus of practice, document produced and the 
conceptualization of product. 
 Marketers Commercial 
personnel 
Engineers Technologists Technicists Assemblers 
Work content Negotiation 
detail of product 
parameters 
Describing the 
requirement of 
customers based 
on contracts 
Design the 
product based on 
the description of 
products 
Teaching 
workers how 
to assemble 
Evaluating the 
correctness of 
drawings and 
other documents 
Building 
products 
Locus of 
practice 
Conceptual Conceptual Conceptual Conceptual Conceptual and 
Physical 
Physical 
Artifact 
outcomes 
Contracts Order Request 
Lists 
Drawings, 
Material lists 
Technical 
documents 
Internal 
technical 
guidebooks 
Products 
Conceptualizat
ion of product 
Ordering: What 
do customers 
wants? 
Describing: 
What are they? 
Schematic: What 
do they look like? 
Educational: 
How to do? 
Manufacturabili
ty: Will it work 
efficiently? 
Spatio-tempor
al:  How to 
make it? 
Table4.  Differences in working contents of five types of employees 
It is aware that marketers focus on communicating the detail of products with 
customers, engineers emphasize on design the products based on the demands of customers, 
and workers take responsibilities to assemble the products with the requirement of 
Knowledge Processing in Manufacturing Industries: The Evaluation of Documents as Boundary Objects in Implementing Knowledge 
48 
 
engineers. Therefore, employees in different departments have a range of understanding of 
products, which may lead to diversity of knowledge. As Technologist Mr. Liu implied that 
:H GRQ¶W MRLQ LQ GHVLJQLQJ SURGXFWV ZKLFK DUH WKH ZRUNV RI HQJLQHHUV :H KDYH RQO\
responsibility to create technical documents based on the drawings. We read and understand the 
drawings so that it is easy for us to know how to make our workers know the assemble process. The 
technical documents are our interpretations from drawings to assembly. We know more about them. 
In addition, Engineer Mr. Yang also agrees that people in different departments may 
have various knowledge backgrounds. He said,  
We know more about the theories about designing products. Unfortunately, assembles are not 
my advantages. Of course, I seldom assemble the product by myself. Those are the jobs of workers. 
Meanwhile, Worker Mr. Liu indicated that, 
$OWKRXJKZHGRQRWUHDGWHFKQLFDOGRFXPHQWVLWGRHVQ¶WPHDQZHGRQ¶WXQGHUVWDQGWKHP 
These statements suggest that people have their own advantages in work, and quite 
often, these are from their duties. It is possible that they know how to do others, but other 
knowledge is ignored since they are not frequently used. That is to say, if the knowledge is 
QRWWRRPXFKUHODWHGZLWKSHRSOH¶VRZQZRUNV it will be paid no attention.  
In addition, due to various backgrounds, the capabilities of coding new knowledge are 
different. That is related to the contents of daily activities and the material prototypes they 
use. As the table suggests above, the artifact outcome from Marketing Department after 
negotiation with customers is contracts, commercial department is order request list, 
Design Department is drawings and material list, and the final result from Production 
Department is products.  
Although the outcomes vary from departments, the internal aim is based on the 
demands of customers to produce products. Thus, one of the reasons that make outcomes 
different is that producers bear a range of comprehension in their aspects. Based on their 
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understanding on theiU DUHD WKH\ LPSOHPHQW YDULRXV µODQJXDJHV¶ WR H[SUHVV VR WKDW WKH
documents can be transferred to other departments. According to their characteristics, these 
six documents can be clarified into three types. 
)LUVWO\WKHGRFXPHQWVµFRQWUDFWV¶DUHWKHVWDQGardized forms and methods as boundary 
objects. The contracts contain the agreements about the parameters of products, the 
delivery date and methods, the regulation that both companies should follow and so on. 
They are detail and rigid. As the material artiIDFWVWUDQVIHUUHGFURVVERXQGDULHVµFRQWUDFWV¶
perform as a shared layout for unraveling difficulties across various functional setting. 
Similarly, the change forms are widely used when changing the instructions, functions, 
material or other related to producing. They are established by common and understandable 
language and structure, which make employees in various departments find it easy to 
interpret and solve the difficulties. 
6HFRQGO\ ERWK GRFXPHQWV µGUDZLQJV¶ DQG µWHFKQLFDO GRFXPHQWV¶ FDQ EH WUHDWHG DV
objects or models, which can be represented as simply as possible to be implemented 
HIILFLHQWO\ DQG HIIHFWLYHO\ (VSHFLDOO\ µGUDZLQJV¶ WKURXJK XVLQJ VLPSOH LPDJes, all the 
position (like size, angle, arrangement etc.) and parts (tank, engine and electric etc.) can be 
SUHVHQWHG YLVXDOO\ 1RW RQO\ µGUDZLQJV¶ EXW DOVR µWHFKQLFDO GRFXPHQWV¶ DUH VLJQLILFDQW
essential when sharing among boundaries, which exist dependently in describing functions. 
7KLUGO\ WKH GRFXPHQWV µ2UGHU 5HTXHVW /LVWV¶ FRQWDLQ WKH GHWDLOV RI SURGXFW PRGHO
amounts, delivery date, and specific requirements from customers. They represent the clear 
organization of the whole manufacturing process in terms of explicit functional assignment, 
producing process and so on. In other words, they are expressed at a systematic level, 
which clarify the dependencies in interdisciplinary works though sharing resources, 
deliverables and deadlines.  
Furthermore, in WHUPV RI VKDULQJ FRQWHQWV µ'UDZLQJV¶ WHQGV WR EH ULJLG ZKLOH
µ7HFKQLFDO GRFXPHQWV¶ DUH LQFRPSOHWH ZKLFK LV WKH FRPPRQ FDVH LQ PDQXIDFWXULQJ
industries. Technologist Mr. Liu explained the reason. He said, 
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8QIRUWXQDWHO\ ZH GRQ¶W KDYH DQ H[SHULHQFHG WHFKQRlogist who can organize and 
FUHDWH WKH WHFKQLFDO GRFXPHQWV IRU ZRUNHUV¶ XVHV ZKHQ ZH DWWHPSW WR DSSO\ D QHZ
technology. Rather than providing a misunderstanding or mistaken guidebook, it is sensible 
to provide the documents after the technology can be widely used in the company. That 
may be more beneficial. 
Therefore, in Cooltech, one of the choices whether to describe documents rigidly or 
ambiguously is considering the working context. In addition, the limitation of technologies 
can be another reason of implementing incomplete documents. As Engineer Mr. Yang 
suggested, 
It is difficult for us to create a detail drawings and material lists for a new product, because we 
are on the way of exploring. What we can do is create abstract drawings that combining images and 
simple functional description. Then, when these documents are sent to the workshop, we collect 
practical ideas from workers. For assemble, I am sure they know more than me, which can give 
effective suggestions for us the complete the documents. Of course, once we know how to fulfill the 
technology, we can create precise documents for widely used. 
That is to say, when technologies are unclear or less frequently used in company, 
incomplete documents are implemented to reduce the possibilities of making mistakes as 
well as collect useful suggestions through seeking helps from members in other 
departments. Additionally, the ambiguous documents also bring flexibility of working 
activities in the unclear working circumstance. As mention above, engineers need advices 
from workers when meeting uncertain technological practices. At this time, workers have 
more opportunities to evaluate the assemble processes, which may be useful for developing 
the technologies. However, workers do not agree that. Worker Mr. Liu argued that 
:HDUHMXVWDVVHPEOHUV'HVLJQLQJSURGXFWVLVQRQHRIP\EXVLQHVV,IHQJLQHHUVFDQ¶WJLYHPH
the detail of assemble, especially new products, what I can do with my work. In my eyes, engineers 
are not so professional if there is no clear technical document. 
At the same time, worker Mr. Ma added that, 
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However, I prefer to work without documents when I familiar the assembly of the generators, 
like standardized products. Since I have already acknowledged this technology, documents for me 
are useless. Without them, I can assemble more conveniently and quickly. 
Both of them indicate a common point that is opposite to the purpose of producing 
documents as well as the ideas of most researchers. This may because of the ignorance of 
occupations due to various knowledge backgrounds, the limitation of scientific 
technologies in material agencies and approaches of interpreting new knowledge. 
Consequently, the complete documents are created until the technology is mature and 
producers have a clear perspective in writing them. They are clear to be understood and 
rigid to be followed. According to the statements of engineers regarding the modifications 
of drawings and technical documents, it is obvious that the complete documents are 
established based on many editions of incomplete documents. Actually, the complete 
documents can emerge not only when technologies are mature and documents performs as 
summaries for reference, but also this technology is not allowed to make mistakes, like 
electronic drawings. In this case, when the documents are produced, it must be very clear 
and strict.  
Since the documents are characterized in three functions and each of them takes its 
role in coding knowledge from senders, it is essential for receivers to interpret the meaning 
of documents that senders want to transfer. That is the process of translation. In Cooltech, 
the approaches of understanding documents are varied. As Worker Mr. Liu suggested that 
:KHQPHHWLQJGLIILFXOWLHVRUQHZ WHFKQRORJ\ ,¶G ORYH WR VHHNKHOS IURPPRQLWRUs, who are 
more experienced. 
Worker Mr. Ma indicated a different approach. He said, 
We must be trained before getting jobs. Engineers will have some classes for us to make sure 
ZH KDYH HQRXJK H[SHULHQFH WR ILQLVK RXU MREV :KDW¶V PRUH GXULQJ DVVHPEOLQJ ZH DUH DVNHG WR
attend the regular training every week in the workshop and every month in meeting room. Our 
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monitors hold them, which are essential for our daily work, because at least to me, I learn a lot from 
them in solving difficulties. 
Worker Mr. Lin preferred to use drawings. She believed that, 
I take responsibility on electronic parts, which are not allowed to assemble as what I want. 
Therefore, circuit diagrams (drawings for electronic assemble) are dramatically important for me. 
When doing my jobs, drawings are the essential part for understanding what I am going to do. 
According to these three statements, it is clear to know that employees with different 
knowledge background and working habits may influence the choices of translations. In 
workshop, workers have less theoretical knowledge than engineers, so it is difficult for 
them to refer books or theories when assembling. Therefore, when meeting new knowledge 
or technologies, they seek helps from their monitors, senior workers with plenty of 
experience, trainings, or simple drawings, which are environment-based. 
However, it is not enough for employees only to understand what meanings are in the 
documents. Instead, in order to put the knowledge into practice that is suitable for each 
department, it is essential for employees to combine the new knowledge with the prior 
understanding, which can be treated as transforming through the imbrication of 
technologies and routines. There is no doubt that creating new and unique knowledge based 
on the external understandings for internal uses is the important procedure in knowledge 
process, and it also proves that knowledge is localized and practical.  
In Cooltech, engineers treat power generators as conceptual and theoretical products 
where they can practice their theoretical knowledge in designing them. Technologists insert 
their imagination of assemble processes to their documents, attempting to make assemble 
easier. At the same time, technicists focus on combining theoretical knowledge and practical 
experience so that make the conceptual knowledge accomplished into practical activities 
with more simple languages that suitable for workers. Furthermore, workers implement the 
knowledge practically and turn their understandings into physical outcome ± power 
generators. 
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Therefore, without their own acknowledge of external knowledge, it is impossible for 
employees to create their own outcomes that associate basic purpose of knowledge with 
their routines. That is to say, with the helps of transforming knowledge, documents as 
boundary outcomes can alive continuously and consistently.  
Because documents DUHVRFLDOFRQVWUXFWHGDQGXVHGSHRSOH¶VFRGLQJLQWHUSUHWLQJDQG
creating knowledge are the results of a certain of communications and cooperation among 
departments. That is to say, through negotiation and communication, documents are shared 
with a common expression, a similar understanding and an acceptable communication 
channel. That is to say, the knowledge sharing processes are not only constructed by the 
working context, but also influenced by standardized format of explanation, understanding 
and forming through negotiation. In Cooltech, technologists in order to make technical 
documents (like technical guidebooks) useful for workers pay a large amount of attention 
on coding though using the acceptable language. Technologist Mr. Liu said, 
In terms of creating and modifying technical documents, like Standard Operation Procedure, I 
am required to go to the workshop to observe the daily activities of workers about how they 
assemble the generators, and test if the technical documents are available for uses. It is the most 
effective and efficient way to create technical documents through communication. 
This statement proves the importance of negotiation in creating knowledge across 
documents. At the same time, Engineer Mr. Yang agreed that communication is essential 
for selecting expression methods. He indicated that, 
We provide drawings for explaining our designed generators, because it is easier to be 
understood, especially for workers who are not familiar with theoretical technologies. Everyone can 
understand images with several lines. 
That is to say, so as to make knowledge in documents process efficiently and 
effectively, the approaches for explanation can be one of the consequences of negotiation.  
Knowledge Processing in Manufacturing Industries: The Evaluation of Documents as Boundary Objects in Implementing Knowledge 
54 
 
Therefore, there is no denying that negotiation among departments plays an important 
role in processing knowledge. It provides an opportunity for the company to establish 
standards of explaining, understanding and creating knowledge for products, especially 
new products. According to the interrelationship between technologies and routines that 
knowledge are established step by step based on the prior understandings, documents 
carrying upgrading knowledge are gradually mature in terms of the presentations, contents 
and implications. In other words, knowledge processes are developed in practice. Engineers 
Mr. Zhuang admitted that standardization of knowledge is widely implemented in 
developing unstandardized products to standardized products. He believed that, 
Unstandardized products often refer to the required generators are designed differently from 
the regular parameters. Quite often, they contain new technologies, like functions, materials or size 
etc. Therefore, there is no too much knowledge support and all the technical documents and 
guidebooks need to be produced initially. If the products are widely accepted for the market, we may 
consider creating a series of documents to support manufacturing it, which make our works done 
efficiently and effectively. 
Workers Mr. Ma agreed the process of standardization. He gave a case from his work. 
I joined the whole manufacturing process of harbor generators. At the beginning, it is difficult 
to think how to make generators fix in the harbor suitably. You know, harbor is much different from 
others; machines may be easily corroded because of the acidic seawater and endless wind. We made 
the first set of machines based on our experiences and cases of other companies. Then, we know 
what it should be. Luckily, our products are popular with most harbors. We modified our own 
distinguishing features through many meetings and learning, making the generators more popularly 
accepted. Gradually, technical documents, like correct drawings, standardized material lists and 
technical guidebooks are sent to us for reference. Quite often, the products can be treated as 
standardized once these documents are successful established and workers can assemble this kind of 
generator quickly and skillfully. I admit that standardization is helpful in reducing mistakes not only 
in documents, but also in our assemble work. 
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Therefore, the standardization of documents is influenced by not only the maturity of 
technologies, but also the complete documents and these factors are the consequences of 
cooperation and negotiation. Once the documents are standardized, the outcomes from each 
department can be development consistently and precisely.  
4.5 The key to filtering knowledge: Gatekeepers have significant influences on knowledge 
processing among department 
 There is no denying that interactions and negotiation for standardization of 
documents and integration of knowledge are essential for the company, and it is impossible 
that all the employees get involve communication with other departments for a new 
technology at the same time. Therefore, departments require representatives who can 
discuss the new knowledge with others and share the results to their colleagues inside 
communities. In Cooltech, the roles of representatives are significantly important. 
According to observations, when meeting new technologies in manufacturing products, the 
representatives get together and evaluate the appropriate expression of technologies in 
terms of drawings, material uses and standard operation procedure and so on. The 
communication network is presented as graph below based on the case of nuclear safety 
generator. 
 
Graph 4: Network of gatekeepers in a project team 
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Therefore, these representatives send the meeting results that are suitable for their 
communities to their colleagues, which make the knowledge process become a two-step 
process. That reduces the number of redundant communication and improves the 
correctness of transferred knowledge. Since the representatives perform as the key persons 
who integrate knowledge through filtering and adding to make knowledge suitable for 
LQWHUQDOXVHV7KHVHSHUVRQVDUHFDOOHGµJDWHNHHSHUV¶ 
Technicists, as gatekeepers, play a significant role in cooperating knowledge. They 
hold the not only theoretical knowledge of products, but also the practical experience of 
assembly. Therefore, they can have more opportunities to get in touch with both engineers 
and workers for solving the difficulties with regard to theory building or experience 
practice. As Technicists Mr. Lu indicated that 
We are like firemen, who interconnect between engineers and workers. We focus on finding 
the problems of drawings from engineers and solving difficulties of assembly from workers. It 
seems that we are in the front line where need us. 
This statement not only suggests the role as connectives, but also indicates their 
position in dealing with technology. As gatekeepers, technicists always stay in the frontline 
exploring the various technical solutions, which make knowledge process among 
departments effective and efficient. Furthermore, gatekeepers can also deploy the activities, 
resulting to the better performance. That is because they have responsibilities of 
transferring required and integrated knowledge to their colleagues in the some department. 
Worker and Monitor Mr. Liu agreed the duty he has. He believed that 
When technicists send the drawings and material list to the workshop, I get them firstly and 
separate the works according to the described functions. Considering the current labor abilities, 
several assemblers are asked to take part in this work. 
Therefore, gatekeepers have many roles of dealing with knowledge processing in terms 
of filtering, communicating and deploying, which keep the documents living continuously. 
Additionally, one of the important factors that gatekeepers should take consider is that in 
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order to make sure the correctness of knowledge transferred, they should be very careful of 
exploring the main purpose of documents. That means it is essential to maintain the basic 
understanding of technology, especially functions, parts, material and even assemble position. 
They perform like the doors, which control the quality and quantity of knowledge in 
documents. Without the helps of them, the knowledge cannot be shared and processes 
appropriately and technically.  
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5. Discussions and limitations 
In the case research of Cooltech, documents are proved to exist in live and socialized 
material artifacts. Knowledge in them are transferred, translated and transformed among 
boundaries, which are influenced by the organizational structure, the interconnection 
between technologies and routines, the consequence as boundary objects as well as the role 
of gatekeepers. While observation the performance of knowledge in documents, it is 
obvious that the knowledge process can be described as below.  
5.1 Knowledge processing model and its influence factors 
Therefore, documents play an important role in companies in terms of sharing, 
interpreting and creating knowledge. Knowledge in documents is required to be presented, 
interpreted and transformed so that the documents can be continuously alive. Furthermore, 
the live documents contribute to communication in sharing and evaluating the suitable and 
appropriate knowledge, which encourages the socialized contents and the expression form 
through communications and cooperation. Therefore, documents exist cross boundaries as 
containers (the abilities of containing knowledge), bearers (the capabilities of transferring 
knowledge) and couriers (the abilities of producing knowledge based on the previous 
experience).  There is no denying that new knowledge in documents is created to cover or 
upgrade the limitation of current routines, and it can be generally accepted due to 
negotiation among boundaries. Both of them are established based on the documents can be 
socialized communicated and alive to be processed. In other words, it is the premise 
background that knowledge can be widely implemented only when documents can be 
socialized alive. 
It has been proved that the imbrications of human agencies and material agencies 
enhance the modification of knowledge. When meeting constrains of either human 
agencies or material agencies, the other side may be improved to adjust the changes. This 
action of upgrade not only improves the either the routines or technologies that are 
implemented in companies, but also increase the performance of created documents. That 
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is mainly because the imbrications between them not only remedy the limitation of daily 
activities or current technologies, but also maintain the advantages of them and build the 
new knowledge based on the previous experience. Therefore, the knowledge development 
in documents is the process that keeps adopting the advantages of previous knowledge and 
adds the new understandings to meet the requirements of external changes. In other words, 
documents in the companies are developed. 
Furthermore, documents are unique established surrounding one specific target. 
Because of various knowledge backgrounds, documents cannot be presented with the same 
contents or expression formats, which may turn to be useless for most users. Even the 
expression methods and the contents may be different from users, knowledge in the 
documents have the common perspective, which is to encourage the final outcomes. In 
other words, no matter what documents are like, the target is the same when describing one 
technology. That is the characteristic that documents can be lived consistently.  
Additionally, negotiations are the key factor that documents among communities can 
be expressed differently but in the acceptance of standardization. It is important that 
through communication and cooperation, knowledge backgrounds in communities can be 
widely acknowledged across boundaries. In order to make sure other boundaries can 
interpret the knowledge successfully, documents are expressed with an acceptable pattern. 
This pattern is developed based on plenty of times of negotiations and communication, 
attempting to find a balance point that is suitable for both boundaries. 
There is no doubt that the incomplete documents provide an opportunity for 
boundaries to discuss and negotiate. This kind of documents is generally implemented 
when the knowledge is new but hard to be identified. It is waiting for practice and fulfill 
until the knowledge can be completely and clearly presented in documents. 
Therefore, the knowledge process through documents can be explained as follow. 
Firstly, when the new technology is introduced, the human agencies may be influenced due 
to their limitation. Their changes lead to modifications of current knowledge, which may 
Knowledge Processing in Manufacturing Industries: The Evaluation of Documents as Boundary Objects in Implementing Knowledge 
60 
 
results to the improvement of documents. Meanwhile, various documents with knowledge, 
which are characterized as different functions for uses, are transferred around boundaries. 
Through discussions and integrations of previous knowledge, the documents are equipped 
ambiguously and incompletely for further replenishment. Secondly, after several outcomes 
are created based on the documents and practical experience, the interpretation of new 
technology can be deeper and more unique. In order to make the new routine more and 
more mature, documents for explaining them are necessary. After that, the modification of 
making the documents meet the requirement of new knowledge keeps continuously. This is 
because the documents are not only modified to meet the internal adjustment, but also to 
seek a balance point through the negotiations among boundaries. Finally, when the final 
outcomes are produced, the negotiations of documents reach temporary balance stands that 
can be helpful for the work to some extent. However, since the incomplete documents are 
not professional for operations, and it is possible that without a clear guide, the daily 
activities may be impacted, documents are required to edited until the technologies are 
maturely applied and knowledge is widely acknowledged among boundaries.  
Therefore, the development of knowledge process can be treated that the documents 
develop in a changed circular motion with consistent rising (See Graph). When the 
outcome is produced in one level, the documents can be significantly upgraded, which are 
more efficient and effective in implementation. The developing curve travels as the 
uniform circular motion but stop rising when the knowledge of the technology is 
transferred, understood and implemented efficiently and effectively. That means there are 
no more serious changes of both documents and routines.  
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Graph 5: The knowledge developing model 
This model can be clearly and visually represented the process of documents 
development with the environment that documents are socialized living. The metaphor 
focuses not only on the route of document improvement, but also on the factors that 
promote the changes of the route in the motion, which can be represented as the centripetal 
force. 
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Graph 6: Significant factors in knowledge process model 
Firstly, the organizational structure plays an important role in influencing the 
communication channel of documents. Knowledge through flat structure can be easily 
transferred to others in the same community, while in the tall structure, knowledge is 
required to sent step by step. Although knowledge can be sent efficiently in boundary, it is 
easier to make mistakes due to the little examination from others. However, the knowledge 
spread in tall structure tends to be more effective, but it is time-consuming when traveling 
every layer.  
Secondly, it is obvious that the interrelationship between human agencies and material 
agencies promotes the possibilities of knowledge transforming. Technologies and routines, 
as the infrastructure of material and human agencies, are influenced by the new knowledge 
in terms of changing content of technologies, or improving performance of routines. The 
knowledge transformation makes feasible when the new knowledge are developed based 
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on previous experience that extracted from past acknowledgement of technologies and 
routines. In other words, knowledge is developed in the practice-based.  
Thirdly, the performance of documents as boundary artifacts is one of the key factors 
that impact the translation among communities. It is widely known that documents, as 
boundary artifacts, are required to be interpreted so that knowledge can be effectively 
understood. The performance contains the expression formats, transferred contents as well 
as the degree of clarity of documents. These factors are the consequences of negotiation 
among boundaries. The degree of negotiation decides the degree of method standardization. 
As a result of standardization, knowledge can be transferred in a certain format, translated 
in certain theoretical methods, and transformed for acceptable used. Therefore, documents 
have responsibilities to perform as couriers, which can make knowledge alive for 
continuously implementation, and be socialized for feasible applied.  
In addition, gatekeepers take responsibilities on controlling the amount of knowledge, 
which have significant influence on knowledge control. Gatekeepers perform as the guards 
of knowledge, who welcome all the external knowledge, but adopt the ones that may be 
useful for internal operations. Furthermore, communication and cooperation is applied by 
gatekeepers to make sure that the correctness of knowledge presented in documents as well 
as evaluating any uncertainty and difficulties in documents. Meanwhile, gatekeepers are 
required to deploy the knowledge after selecting. They not only transfer specific 
knowledge to people in boundary, but also arrange the working schedule. That is to say, if 
the gatekeepers cannot perform well in controlling and deploying knowledge, the 
documents that carry them are hard to be interpreted and accepted. 
Consequently, all factors mentioned are the most important when knowledge is 
processing through documents. They focus on finding a balanced stand in coding, 
interpreting and creating of knowledge, which make the performance of documents can be 
utilized maximally. Therefore, the centripetal force is described as a metaphor to present 
the comprehensive force that make documents developed effective and efficient used. It is 
explained by the following equation: 
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&HQWULSHWDOIRUFH Į126Į2+0$Į3%2Į4*.İ 
Where OS = Force of the organizational structure 
HMA = Degree of imbrication of human and material agencies 
BO = Performance of knowledge as boundary objects 
GK = Role of gatekeepers 
Į1, Į2, Į3, Į4 = Parameters that indicate the significant of each factor 
İ (UURU 
5.2 Knowledge in experience7KHLQWURGXFWLRQRIµHSLVWHPLFREMHFWV¶ 
 There is no doubt hat boundary objects are established to enhance the interactions 
between communities in the organization, which are effective in knowledge development. 
They focus on developing mature artifacts, like documents, software and so on, to carry 
knowledge so as to deliver knowledge for daily activities. Communication and negotiation 
are one of the knowledge processes that these boundary objects can be performed in a 
standardized style, which can be widely accepted. However, boundary objects stop at 
integration and collaboration of knowledge attempting to establish clear and systematic 
documents. When the knowledge is popularly implemented in practice, the documents tend 
to be very clear to use and stop modification. Although it is beneficial that documents are 
clearly expressed, it could be problematic that documents cannot be followed strictly 
because of certain of resistance or ignorance. Rather than providing rigid and complete 
documents, there is another popular description method, which is implementing epistemic 
objects. 
 It is evidential that epistemic objects are the key factor of knowledge processing 
in companies. The epistemic objects quite often are not material artifacts. Instead, they are 
the concept that LV FKDUDFWHUL]HG E\ µLQTXLU\ DQG SXUVXLW¶ (Whyte & Boris, 2009). They 
emphases on the practical experience over work, and develop the psychological 
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acknowledgement through practices. Therefore, it is dynamic when processing knowledge 
(Whyte & Boris, 2009). To some extent, epistemic objects can be continuously existed in 
the real world, especially in the manufacturing industries. In the experience-oriented 
industries, knowledge as epistemic objects is developed across know-how as well as central 
to practices. One of the characteristics is that epistemic objects open the closed box of 
integration of knowledge, which allows the knowledge to fulfill and enlarge through a 
more transparent structure, that is gaining experience through practice (Cetina, 2001). In 
other words, objects of knowledge can be processed by practical experiences. That is why 
these objects can be fluid. Furthermore, epistemic objects cannot be complete. This may 
because the conceptual interpretation of knowledge cannot be systematic and in order to 
keep continuously exploring to develop knowledge and documents, objects of knowledge 
cannot be fully developed. That has proved the model that has been mentioned, in which 
knowledge in documents is developed in the process of upgrading and modifying. There is 
no complete document, but the documents that can be perform the most efficiently and 
effectively. 
 Therefore, epistemic objects focus more on the developments of knowledge for 
advanced implementation through a large amount of practical experience. With the 
cooperation of boundary and epistemic objects, the knowledge in documents can be 
performed the most effectively and efficiently in terms of knowledge and practice 
processing. 
5.3 Knowledge in practice: The roles of objects 
It has been proved that the boundary objects act their capacities to perform as bridges 
that connect intersecting social and cultural worlds. They explain the knowledge 
performance by material and symbolic entities, like drawings and documents and so on and 
aim to finish by creating the conditions for collaborating knowledge and providing a 
flexible working context for µdeep sharing¶ and interpretation. Therefore, material artifacts 
with knowledge as boundary objects promote the frequent negotiations to meet a balance 
point for coding, interpreting and creating knowledge in a standardized method. 
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Meanwhile, it is also important to mark the epistemic objects, which represent the 
experimental collaboration that allows knowledge to be implemented with emotion and 
feeling. Since boundary objects focus on the material aspect, epistemic objects make 
knowledge processed flexibly in open-ended nature. It is essential to promote knowledge 
with more sensitive and personalized applications.  
Furthermore, since it is infrastructure that knowledge in documents is processed in the 
social context, it is important to argue that the objects containing boundary and epistemic 
objects pursue and motivate the collaborative work (Nicolini, et al., 2011). Researchers 
argue that this performance is called µactivity theory¶ (Nicolini, et al., 2011; Whyte & Boris, 
2009). This socialized and living company action encourages artifacts, like documents to 
be implemented in a cultural historical environment. These artifacts contain not only 
transferring knowledge and emotional directions, but also purposeful action, which 
motivate and direct activities, aiming to improve the efficiency and effectiveness of 
coordination and collaboration.  
Therefore, one of the roles of objects is coding, transferring and transforming 
knowledge for easily interpretation as boundary objects. Furthermore, objects with plenty 
of experience and emotion encourage knowledge to be promoted and transformed 
personalized and unique as epistemic objects. Additionally, in the socialized context, the 
activity theory fulfill the role of objects which make knowledge not just shared, but 
integrated and applied systematically, flexibly and directionally.  
5.4 Limitations and further studies 
 The research is implemented for three months, including literature review, 
observations, interviews and document reading in the company, and analysis and 
evaluation to finish the research. There are several contributions that are developed. 
Nevertheless, some limitations should be pointed out. Firstly, it is aware that the types of 
organizational structures, the relationship of human and agencies, the performance of 
interdisciplinary work and the roles of gatekeepers impact knowledge process. However, in 
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the research, it is difficult to identify the degrees of each factor that influence the efficiency 
and effectiveness of knowledge processing because of lack of quantitative measurement. 
Secondly, the ethnography researches in the company are not deep enough. That may 
because of the limited of time, and it is impossible to get involved in a whole project like 
other researchers, which may result to slight errors. Therefore, despite interviews, 
observations and document reviews are applied at the same time so as to increase the 
degree of precise in research. Furthermore, since the research is implied in China (Eastern 
country), which may not be the same in Western companies, the differences, like culture, 
habitual behaviors, between them are not accounted in the research. 
 Therefore, to what extent it is important for researchers to evaluate the significance of 
the factors that may influence the knowledge processing, which may result to the efficient 
and effective organizational strategies for knowledge integration and practicing. 
Furthermore, organizational culture differences should be taken into consideration, which 
can make significant when researching either western or eastern companies. 
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6. Conclusion 
Therefore, it is important to recognize the significant contributions of knowledge 
processing. In the basic context that documents with knowledge are socialized constructed 
and keep living in the knowledge process, the knowledge process contains the three 
procedures. First is the process of coding and transferring knowledge. Documents, as the 
containers of knowledge, provide a common format for knowledge transferring. The 
languages and the expressional structure are the keys that can make knowledge be 
understood easily. Furthermore, the organizational structure has impacts on the efficiency 
of transfer channels. Second is the process of translating knowledge. The imbrications of 
human and material agencies promote the upgrading of routines and technologies for 
dealing with new knowledge through plenty of modification and accommodation. Through 
learning and adopting knowledge by changing current technologies and daily actions, 
knowledge can be interpreted uniquely and personalized, which is more efficient and 
effective in daily operations. Thirdly, the process of transforming knowledge results to the 
various documents produced for particular knowledge. Due to the various knowledge 
backgrounds among boundaries, knowledge has to be interpreted individually with distinct 
methods. Once the knowledge is successfully understood, the outcomes vary from different 
understandings. It is the important procedure of knowledge process, which allows creating 
new documents for not only individual use and transferring. In addition, the gatekeepers 
perform as guards controlling knowledge from other boundaries in terms of the quality and 
quantity of knowledge. They also play a major responsibility in coordinating and 
collaborating with other boundaries, making the knowledge from external context can be 
efficiently and effectively implemented in the internal environment. 
It is assumed that knowledge is processed by certain of procedures and there are some 
factors that have significant influence on knowledge processing among boundaries. 
According to qualitative case study in the company, and related theoretical supports, the 
knowledge process model can be evaluated. The model presents a continuously developing 
motion, which means that the new knowledge in documents keeps developing based on the 
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social and living context, by organizing the structure of transferring channels, solving the 
difficulties of current technologies and routines, dealing with the various interpretations 
toward the new knowledge and enhancing the performance of controlling knowledge. Until 
the new knowledge is mature and skillfully implemented in companies, documents carry 
them can be expressed by a more standardized formats, promoting the most efficient and 
effective operation. In the same time, the practice in experience plays an essential role in 
knowledge process, which is not mentioned in knowledge process as boundary objects. 
This practice as epistemic objects focuses on the dynamic experience rather than 
documents, act flexibly in dealing with knowledge. 
For further studies, it is important to discuss to what extent the factors influence on the 
NQRZOHGJH,QDGGLWLRQWKHDSSURDFKWKDWLQWURGXFLQJWKHIOH[LEOHµHSLVWHPLFREMHFWV¶LQWKH
knowledge-processing model is another further studies that may be worth discussing, since 
the socialization plays a significant role for people to process knowledge. Even though, 
based on the practical case, the model can be efficiently and effectively applied in 
FRPSDQLHV¶ RSHUDWLRQ ZKHQ HYDOXDWLQJ WKH VWUDWHJLHV LQ GHDOLQJ ZLWK NQRZOHGJH 7KLV
model provides a systematic guide to managing dynamic knowledge in more successful 
approaches.
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Appendix 
1. Document Review 
 
Graph 1: Functional description from 
Design Department 
 
Graph 2: Project description of each part 
from Design Department 
 
Graph 3: Drawing from Design 
Department 
 
Graph 4: Document of µOrder Confirm¶ 
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Graph 5: Order Request Lists 
 
Graph 6: Modification Notification
 
Graph 7: Material list 
 
 
 
Graph 8: Results of negotiations
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Graph 8: Members as gatekeeper from each department 
 
Graph 9: Organizational structure of Production Department 
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2. Interview Origin Data 
Theory-related Interactants   Manifestation 
Documents are 
socially and livelily 
constructed. 
Socialized documents 
Engineer (Zhuang)  1 
The technical documents, which are image project, are not essential for workers since we think they do not know 
how to use them. 
Techinicant (Lu) 2 
Seldom engineers visit workshop to observe the process of assemble, so they have not too much knowledge of 
activities in Production Department. Therefore, we have to produce other technical documents and some time 
drawings to cover the gap between engineers and workers, which provides better reference and understanding of 
assembling, especially new workers. 
Technologist (Liu) 3 
In order to fulfil the technical documents,We need to observe and understand the operations of assembling and the 
feedback from workers in workshop directly. 
Technologist (Liu) 4 Technical documents are produced after bringing on stream, the modification and edition are few  
 Living documents 
Engineer (Yang)  1 
:HSURGXFHGUDZLQJVEDVHGRQWKHFXVWRPHUV¶GHPDQGVDQGWKHVHGUDZLQJVDUHWKHUHIHUHQFHDQGHGXFDWLRQIRUQRW
only new workers, but also test and examination. 
Engineer (Zhuang) 
Technologist (Liu) 
2 Workers do not need drawings and technical documents since workers cannot understand 
Technologist (Liu) 3 
However, we did not follow those instruments since if the design drawings or technical documents have problems or 
improvement, the workers or technologists in workshop may raise them. We may evaluate at that time.In addition, 
technical documents are produced after technology is mature, and there are few upgrade modification. 
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Worker (Liu) 4 Technical documents are often out of date. 
Commercial (Liu) 
5 
Once Marketing Department send the order from customers, the commercial personnel should organize the 
evaluation meeting to evaluate if the order can be finished. The meeting requires the members from design, 
production, purchase, and marketing. They respond to the technological available, material accessible and the 
productivity. 
6 
When the departments meet the conclusion, the contract evaluation list will be handed to Marketing Department to 
LPSOHPHQWFRQWUDFWSURFHVV$WWKHVDPHWLPHWKHFRPPHUFHGHSDUWPHQWZLOOSURGXFHDµSURGXFWLRQSODQOLVW¶WR
design, production and purchase department. This production plan list contains the initial design, the required 
material, the required engine and the required delivery date 
7 
If the product is unstandardized, when Design Department receive the production plan list, they may design the 
drawings and material list to Production Departments, especially the unstandardized part. If the product is 
standardised, the Production Departments can assemble immediately. After the product is finished, the Production 
Department should hand the testing results, and the finished list to commerce department with drawing and material 
list from Design Department (if necessary) 
8 All the material must be gathered into file in commerce department 
Worker (Liu) 9 
We use technical documents to check our operations. These documents can help us know more detail assemble, 
which provide a more clear idea of operation. 
technicist (Lu) 10  The documents performs as a dictionary, which is used to referred but not in daily assembly 
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Theory-related Interactants   Manifestation 
Organizaitonal 
Structure 
  
  
  
  
  
Production Manager 
(Guo) 
  
1 
We have about 200 workers in Production Department, which is hard to control. However, because our department 
has clarified functions, such as technology support, purchase, producing, testing and logistic. That means we can 
separate them flatly, so that people can work by their own responsibilities. Especially in transferring documents, 
employees can transfer and receive knowledge specifically from particular functions and departments, which 
increase the efficiency and effectiveness of knowledge process. 
Worker (Liu) 
  
2 When we meet difficulties in assembling products, it is easy for us to find the solutions easily from technicists in 
Production Department. This is very helpful in assembling. We can get great assistance from them easily 
Engineer (Zhuang) 
  
3 
We have many engineers and all of them have different levels of knowledge. Each level of engineers takes 
responsibility to specific degree of work. Therefore, quite often we are not allowed to transfer knowledge over 
levels and the information should be shared through a particular channel.  
Engineer (Yang) 
  
4 
We do not let junior engineers to get involved in advance technology in case they make mistakes in it. They can 
learn as apprentices following with senior engineers. Even though they help finish the jobs, they must send their 
documents to their managers to confirm the correctness. Power generator is a high precise machine, which is not 
allowed to have mistakes. 
Engineer (Yang) 
  
5 
There are only three senior engineers in Design Department. Unfortunately, we are not so young that we can catch 
up with all the latest technology, especially the latest fashion technology, like energy-saving and nuclear 
technology. We need to handle not only our own work, but also the reports and documents from junior engineers, 
which are tough for us.  
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Technicist (Lu) 
  
6 
,OLNHWKLVZRUNLQJVW\OH<RXFDQ¶WLPDJHLQRUGHUWRVHQGGRFXPHQWVWRRWKHUGHSDUWPHQWIRUVSHFLILFSURMHFWZH
need to run up and down through building to explain the meaning of documents or order requests, which is 
nightmare for me. Thanks to this structure, our working area for one project has shrunk. Therefore, we can share and 
apply knowledge together and simultaneously. 
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Theory-related Interactants   Manifestation 
Human and 
material agencies 
Worker (Liu) 1 
Engineers provide only one paper copy of technical documents in the production office. It is too troublesome for us 
WRRIILFHWRUHDGLWZKHQZHDUHDVVHPEOLQJ%HVLGHV\RXFDQ¶WLPDJHKRZVWXSLGVHHLQJDZRUNHUWXUQLQJscrews by 
reading the technical documents on the hand. Thus, we just assemble the products based on our experience. 
Worker (Lin) 2 
Quite often engineers require us to assemble the particular machine parts that we are not familiar with, but they just 
give me the drawings without any further instructions, which is really annoying. However, we can do it by seeking 
KHOSVIURPVHQLRUZRUNHUVRUPRQLWRUV7KH\NQRZPRUHWKDQXV7KDW¶VWKHZD\ZHVROYHWKHGLIILFXOWLHV 
Worker (Liu & Ma) 3 
When technicists ask us to assemble the products that we are familiar with procedures, we can do it based on our 
prior experience. It is quick and high effectiveness. However, quite often the products need to be assembled for 
customised, which we are not familiar with, we need plenty of documents and instruments to finish our works. 
Technologist (Liu) 4 
You know, customers have tens of thousands of expectations, and we need to find out tens of thousands of schemes 
WRPHHWWKHLUUHTXLUHPHQWV:HGRQ¶WKDYHWRRPXFKWLPHOHDUQLQJWKHWKHRULHVRIWKHVHWHFKQRORJLHV2QO\ZHFDQ
do is learn them from practice7KDW¶VZKDWZHGRIRUFUHDWLQJ WHFKQLFDOGRFXPHQWVSUDFWLFH ILUVWDQGVXPPDU\
second. 
Engineer (Yang, Zhuang) 
Technologist (Liu) 
5 
Although our products are customized, they are modularized developed. That is to say, if the products are created 
by different modules, they can perform the functions differently. Therefore, even we meet the limitation of 
technologies or constrains of daily operations, we can seek development in modules based on our prior knowledge 
of them, which is more efficient and persuasive. 
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Worker (Liu) 6 
:HGRQ¶WQHHGWHFKQLFDOGRFXPHQWV-XVWSURYLGHPHGUDZLQJVDQGPDWHULDOOLVW,FDQPDNHDPDFKLQH:HKDYH
H[SHULHQFHZKLFK LVPRUH LPSRUWDQWDQGXVHIXO WKDQDSLHFHRISDSHU7KXV ,GRQ¶W QHHGDQ\RQHZKRQRW IURP
workshop teaches me how to do it. 
Technologist (Liu) 7  
1. Each product, especially new product, develops a clear plan, which contain an appropriate time schedule that 
regular the time process of designing and assembling. However, the schedule can be flexible. Depending on the 
production ability and the modification of plan and drawings, each department can extend or shorten their 
procedures in the reasonable time period.  
 
  
 10 
 
Theory-related Interactants   Manifestation 
Boundary objects Incomplete Documents 
Engineer (Zhuang) 
 
1 
Each product, especially new product, develops a clear plan, which contain an appropriate time schedule that regular 
the time process of designing and assembling. However, the schedule can be flexible. Depending on the production 
ability and the modification of plan and drawings, each department can extend or shorten their procedures in the 
reasonable time period.  
Worker (Ma) 
  
 
2 
However, I prefer to work without documents when I familiar the assembly of the generators, like standardized 
products. Since I have already acknowledged this technology, documents for me are useless. Without them, I can 
assemble more conveniently and quickly 
Worker (Liu) 
  
 
3 
:H DUH MXVW DVVHPEOHUV 'HVLJQLQJ SURGXFWV LV QRQH RI P\ EXVLQHVV ,I HQJLQHHUV FDQ¶W JLYH PH WKH detail of 
assemble, especially new products, what I can do with my work. In my eyes, engineers are not so professional if 
there is no clear technical document. 
technicist (Lu) 
  
 
4 
We perform like firmen who stand between design and Production Department, and solve any technological 
difficulties when Production Department assembling. This mainly because of the unclear or mistaken drawings and 
material lists, that makes worker confused. 
Worker (Liu) 
  
 
5 
We as mechnics can assemble based on their experience, while the eletronics must follow strictly with drawings, 
otherwise the products may go wrong 
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Technologist (Liu) 
  
 
6 
8QIRUWXQDWHO\ZHGRQ¶WKDYHDQH[SHULHQFHGWHFKQRORJLVWZKRFDQRUJDQL]HDQGFUHDWHWKH technical documents for 
ZRUNHUV¶XVHVZKHQZHDWWHPSWWRDSSO\DQHZWHFKQRORJ\5DWKHUWKDQSURYLGLQJDPLVXQGHUVWDQGLQJRUPLVWDNHQ
guidebook, it is sensible to provide the documents after the technology can be widely used in company. That may be 
more beneficial. 
Engineer (Zhuang) 
  
7  
When this kind of unstandardized products are produced for several times and it has huge potential market, we will 
treat it as standardized product and equip it with standardized drawings, technical document, like harbor power 
generator 
Engineer (Yang) 
  
 
8 
It is difficult for us to create a detail drawings and material lists for a new product, because we are on the way of 
exploring. What we can do is create abstract drawings that combining images and simple functional description. 
Then, when these documents are sent to workshop, we collect practical ideas from workers. For assemble, I am sure 
they know more than me, which can give effective suggestions for us the complete the document. Of course, once 
we know how to fulfill the technology, we can create precise documents for widely used. 
 Negotiation 
Engineer (Zhuang) 1 
We attempt to design the products that meet the demands of customers, but it required us to communicate and 
negotiate with them so that the demands are not overweight our productivity. For example, China Mobile always 
provides a very strict and detail requirement of product, so we have to follow the demand strictly. 
Engineer (Yang) 
  
2 
We provide drawings for explaining our designed generators, because it is easier to be understood, especially for 
workers who are not familiar with theoretical technologies. Everyone can understand images with several lines. 
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Technologist (Liu) 
  
3  
In terms of creating and modifying technical documents, like Standard Operation Procedure, I am required to go to 
workshop to observe the daily activities of workers about how they assemble the generators, and test if the technical 
documents are available for uses. It is the most effective and efficient way to create technical documents through 
communication. 
Worker (Ma & Lin) 
  
 
4 
If we meet difficulties or confusion, we can seek helps from technicists. They can solve the technical problems. 
That's because they have more opportunities communicate with engineers. They can translate the drawings and 
technical documents for us, which are convenient. 
Standardization 
Engineer (Zhuang) 1 
Unstandardized products often refer to the required generators are designed differently from the regular parameters. 
Quite often, they contain new technologies, like functions, materials or size etc. Therefore, there is no too much 
knowledge support and all the technical documents and guidebooks need to be produced initially. If the products are 
widely accepted for market, we may consider create a series of documents to support manufacturing it, which make 
our works done efficiently and effectively. 
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Worker (Ma) 
  
2 
I joined the whole manufacturing process of harbor generators. At the beginning, it is nightmare to think how to 
make generators fix in the harbor suitably. You know, harbor is much different from others; machines may be easily 
corroded because of the acidic seawater and endless wind. We made the first set of machines based on our 
experiences and cases of other companies. Then, we know what it should be. Luckily, our products are popular with 
most harbors. We modified our own distinguishing features through many meetings and learning, making the 
generators more popularly accepted. Gradually, technical documents, like correct drawings, standardized material 
lists and technical guidebooks are sent to us for reference. Quite often, the products can be treated as standardized 
once these documents are successful established and workers can assemble this kind of generator quickly and 
skillfully. I admit that standardization is helpful in reducing mistakes not only in documents, but also in our 
assemble work. 
Various Knowledge 
Technologist (Liu) 1 
:H GRQ¶W MRLQ LQ GHVLJQLQJ SURGXFWV ZKLFK DUH WKH ZRUNV RI HQJLQHHUV :H KDYH RQO\ UHVSRQVLELOLW\ WR FUHDWH
technical documents based on the drawings. We read and understand the drawings so that it is easy for us to know 
how to make our workers know the assemble process. The technical documents are our interpretations from 
drawings to assembly. We know more about them. 
Engineer (Yang) 
  
2 
We know more about the theories about designing products. Unfortunately, assembles are not my advantages. Of 
course, I seldom assemble the product by myself. Those are the jobs of workers. 
Workers (Liu) 
  
3 
We have lots of working experience, especially as the mechanics (compared with electronics), ignore the drawings 
but assemble with their experience. In addition, if we assemble without drawing, it will be more flexible and relax. 
Worker (Liu) 
  
4 $OWKRXJKZHGRQRWUHDGWHFKQLFDOGRFXPHQWVLWGRHVQ¶WPHDQZHGRQ¶WXQGHUVWDQGWKHP 
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Knowledge coding 
Workers (Liu) 1 We are satisfied with the drawings because it is necessary for new workers who need training  
Workers (Ma) 
  
2 
The drawings are efficient and convenient method for Production Department to test and refer the requirement of 
products . Every procedure has clear drawing that allows workers to learn and follow the instruments to assemble 
Engineers (Zhuang) 
  
3 
It is not important that workers do not need to know the documents, because they may be some mistakes or some 
unmature introduction in the beginning. Besides they can seek help from others, like senior workers, monitors or 
technicists 
Technologist (Liu) 
  
4 
Technical documents express knowledge with a very basic language with plenty of picture, making documents easy 
to be understood. 
Knowledge Transferring 
Worker (Liu) 
 
1 
1. We have only one piece of paper copy of drawings in the office, then our monitor will send the drawings to us if 
we are responsible for some parts. It is troublesome, because we can understand other parts of works at the same 
time 
Worker (Ma) 
  
 
2 
2. The technical documents are only provided as a piece of paper work by Design Department and this paper work is 
only one piece but put it into file in office. That makes difficult and inconvenient to workers and monitors. We prefer 
to refer the drawings and documents until meeting difficulties or problems. 
Knowledge Translating 
Worker (Liu) 1 :KHQPHHWLQJGLIILFXOWLHVRUQHZWHFKQRORJ\,¶GORYHWRVHHNKHOSIURPPRQLWRUVZKRDUHPRUHH[SHULHQFHG 
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Workers (Ma) 
  
2 
We must be trained before getting jobs. Engineers will have some classes for us to make sure we have enough 
H[SHULHQFHWRILQLVKRXUMREV:KDW¶VPRUHGXULQJDVVHPEOLQJZHDUHDVNHGWRDWWHQGWKHUHJXODUWUDLQLQJHYHU\ZHHN
in workshop and every month in meeting room. Our monitors hold them, which are essential for our daily work, 
because at least to me, I learn a lot from them in solving difficulties. 
Worker (Lin) 
  
3 
I take responsibility on electronic parts, which are not allowed to assemble as what I want. Therefore, circuit 
diagrams (drawings for electronic assemble) are dramatically important for me. When doing my jobs, drawings are 
the essential part for understanding what I am going to do. 
Knowledge Transforming 
Technicist (Lu) 
 
1 
1. Technicist produces other technical documents and drawings to cover the gap so that workers can have better 
reference and understanding of assembling. 
Workers (Ma) 
  
 
2 
2. Technical documents produced by technicists are a little bit useful because it is often produced in time and there is 
not too much mistakes. In addition, it is easy to be understood. 
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Theory-related Interactants   Manifestation 
Gatekeepers 
Technicist (Lu) 1 
We are like firemen, who interconnect between engineers and workers. We focus on finding the problems of 
drawings from engineers and solving difficulties of assembly from workers. It seems that we are in the front line 
where need us. 
Worker (Liu) 2 
When technicists send the drawings and material list to workshop, I get them firstly and separate the works 
according to the described functions. Considering the current labor abilities, several assemblers are asked to take 
part in this work. 
Engineer (Yang) 3 
The technicists are close to Production Department, and they know more about the practical production and the 
effective process. Therefore, it is good for them to produce the detail documents to improve the productivity  
 
* Gray highlight parts are the quotations that have been introduced in the content. 
